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1.0 INTRODUCTION 

1.1 Purpose 

This document presents the Draft Combined Feasibility Study (CFS) for the Milltown Reservoir 
Sediments Site (MRSS), which is Operable Unit (OU) 2 of the Milltown Reservoir/Clark Fork 
River (CFR) National Priorities List (NPL) Site.  This CFS develops, describes and evaluates 
site-wide remedial alternatives to eliminate, prevent, reduce or control (see 40CFR Section 
300.430(a)(1), (e)(3)(i), and (e)(9)(iii)(A)) the potential impacts from metals and arsenic in 
reservoir sediments, surface water and groundwater.  The CFS combines the previously released 
Draft Feasibility Study for the MRSS (1996 FS) (ARCO 1996), which primarily focused on 
development and evaluation of alternatives to address the site’s groundwater arsenic plume with 
the Final Focused Feasibility Study (FFS) (AERL 2001) which primarily evaluated alternatives 
to address potential impacts to surface water and aquatic life in the Clark Fork River below 
Milltown Dam during ice scour events.  The U.S. Environmental Protection Agency (EPA), in 
consultation with the Montana Department of Environmental Quality (MDEQ), will select a final 
comprehensive, site-wide alternative to address constituents of concern (COCs) at the MRSS 
based on the evaluations summarized in the CFS along with other information included in the 
site’s administrative record. 

The nature, extent, fate and transport of COCs was originally characterized in the MRSS Final 
Remedial Investigation (RI) Report (ARCO 1995a).  The 1996 FS relied upon the RI 
characterization results to develop and evaluate alternatives focused primarily on addressing the 
groundwater arsenic plume.  The requirement to prepare the FFS arose following events that 
occurred subsequent to publication of the RI, particularly the February 1996 ice scour/reservoir 
drawdown event.  EPA concluded in the FFS that an ice buildup and thaw of the magnitude of 
the 1996 event in combination with rapid drawdown of the reservoir could result in the 
scour/release of reservoir sediments to the CFR downstream of Milltown Dam.  Therefore the 
FFS and this CFS rely upon characterization information from the RI supplemented with the 
additional data collected subsequent to publication of the RI. 

This CFS has been prepared in accordance with requirements of the National Oil and Hazardous 
Substances Contingency Plan (NCP) (EPA 1990), EPA RI/FS guidance (EPA 1988), the 
Milltown Reservoir Sediments Site Revised Final RI Completion and FS Work Plan (appended 
to the EPA Administrative Order on Consent [Docket Comprehensive Environmental Response, 
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Compensation and Liability Act (CERCLA) VIII-90-07]) and the EPA’s February 19, 1997 
(EPA 1997a), April 22, 1997 (EPA 1997b) and July 3, 2001 (EPA, 2001) transmittals to AERL.   

1.2 Organization 

Section 1.0 of this report describes site background/setting and summarizes the available site 
characterization information on the nature, extent, fate, transport and potential risks associated 
with COCs at the MRSS.  The Section 1.3 site characterization discussion focuses on the 
conditions relating to the presence and release or potential release into the environment of 
sediment/metals from the reservoir.  Section 2.0 of this report identifies the remedial action 
objectives (RAOs) provided by EPA and MDEQ for use in this CFS alternative evaluation.  
Section 3.0 discusses the Applicable or Relevant and Appropriate Requirements (ARARs) 
identified by EPA and MDEQ for the site.  Section 4.0 summarizes the results of previously 
completed technology/alternative identification and screening work that was used as a basis for 
the FS alternative development/screening.  The ten CFS alternatives retained after initial 
screening are also identified and described in Section 4.0.  In Section 5.0, the retained 
alternatives are evaluated in detail against the NCP criteria described in the RI/FS guidance 
(EPA 1988).  Section 6.0 provides an evaluation of the comparative performance of the retained 
alternatives against each of the NCP criteria. 

Several appendices support the discussions presented in the text of this report.  Appendix A 
provides supplemental site characterization information including surface water quality statistical 
evaluations summarizing data collected since the RI.  Appendix B contains the ARARs as 
identified by EPA and MDEQ as well as preliminary remedial action objectives (PRAOs) and 
preliminary remedial goals (PRGs) from an adjacent site, the Clark Fork River Operable Unit .  
Appendix C provides information related to the Federal Energy Regulatory Commission (FERC) 
license for the Milltown Dam.  Appendix D provides supporting information for the development 
of alternatives including background on institutional controls (ICs), inflatable rubber dams, 
groundwater containment, channel sizing, sedimentation basin refilling rates, a disposal 
location/repository siting sensitivity analysis, and a screening evaluation for using a by-pass 
channel to passively dewater sediments. Appendix E contains supporting information for the 
analysis of each alternative’s ability to achieve surface and groundwater quality standards 
including calculations on predicted surface water quality downstream of the dam for each 
alternative under various flow and dam operational conditions.  Appendix F contains supporting 
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information for the long-term effectiveness analysis including information on the performance of 
inflatable dams in ice-affected waters.  Appendix G contains supporting information for the 
short-term effectiveness analysis including providing the results of evaluation of predicted 
wetland disturbance, construction water quality and geomorphic stability impacts for each 
alternative.  Appendix H contains supporting information for the implementability analysis 
including a decision analysis based evaluation of FFS alternative implementability completed by 
the U.S. Army Corps of Engineers (USACE). Appendix I1 contains detailed cost evaluations for 
each of the alternatives. 

1.3 Site Characterization 

The Milltown Reservoir was created in 1907 by the construction of the Milltown Dam at the 
confluence of the CFR and the Blackfoot River (BFR).  The reservoir is located within the CFR 
Basin and is approximately seven miles east of the City of Missoula.  The community of 
Milltown is located just north and northeast of the reservoir and dam. 

The MRSS includes the Milltown Reservoir and the adjacent areas of arsenic-impacted 
groundwater (Figure 1-1) and the upland disposal facility.  The reservoir boundary is defined as 
the area inundated by a maximum pool elevation of 3,263.5 feet above mean sea level (amsl).  
The maximum pool elevation is based on the reservoir operation as controlled by Montana 
Power Company’s (MPC) Milltown Dam.  The reservoir area covers approximately 540 acres 
and extends a distance of approximately 2 miles southeast of the dam up the CFR valley.  A 
plan-view of the reservoir sediments area is provided on an air photo overlay in Figure 1-2. 

EPA listed the MRSS on the NPL in 1982 based on arsenic detected in Milltown groundwater 
wells located adjacent to the reservoir sediments.  Between 1982 and 1992, nine investigations 
were conducted in the Milltown area to identify the source/extent of the groundwater arsenic and 
to characterize the soils, groundwater, surface water, sediments, and biological resources in and 
around the MRSS.  Results from the investigations completed through 1992 (as well as some 
additional data collected by Land and Water in 1993 as part of the Hellgate Aquifer Study) are 
summarized in the Final Draft RI Report, published in February 1995 (ARCO 1995a).  Shortly 
after completion of the RI, a Draft Feasibility Study Report (ARCO 1996) was completed 
evaluating remedial alternatives focused on the groundwater arsenic plume.  The 1996 FS built 
upon previous technology screening and alternative development work that had been ongoing at 
the site since the early 1990s.   
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Subsequent to completion of the RI, and as the Draft 1996 FS was being completed, the 
occurrence of the February 1996 ice jam/reservoir drawdown event, and its associated scour of 
reservoir sediments, led to the following: 

1. Completion of additional data collection/analyses focused on evaluating the 
specific effect of stream flow regime, ice jam events and dam operations on the 
potential for scour and release of reservoir sediments. 

2. EPA reviewing applicable data and developing an Ecological Risk Assessment 
Addendum specific to potential large sediment release events. 

3. Agreement between ARCO and the agencies to initiate a focused feasibility study 
to augment the 1996 FS. 

The results of the additional investigations, along with earlier information from the RI that was 
related to scour of reservoir sediments, are summarized in Sections 1.3.1 through 1.3.3.  
Information on the fate and transport of COCs in groundwater is summarized in Section 1.3.4 

1.3.1 Surface Water Hydrology 

As illustrated on Figure 1-2, the primary surface water bodies in the Milltown vicinity are the 
CFR and BFR.  Milltown Reservoir, located at the confluence of these two rivers, is partially 
filled with sediment and is characterized by wetlands and areas of shallow, open water.  Stream 
flow data in Montana are available from the United States Geological Survey (USGS) and are 
published annually in USGS Water Data Reports (Appendix A1).  Based on USGS data for the 
1985-1990 period (i.e., drought years/periods of low flow), the BFR provided approximately 
54% of the total water inflow, 43% of the total sediment load, 12% of the total arsenic and 18% 
of the total copper loads to Milltown Reservoir from a drainage area of 2,290 square miles 
(USGS 1991).  During the same period, the CFR at Turah Bridge (immediately above Milltown 
Reservoir) provided approximately 46% of total water inflow, 57% of the total sediment load, 
88% of the total arsenic and 82% of the total copper loads to Milltown Reservoir from a drainage 
area of 3,641 square miles (USGS 1991). 

The average discharge at USGS gauging station 12340000 on the BFR near Bonner (8.1 miles 
north of Milltown Dam) is 1,619 cubic feet per second (cfs) based on 53 years of data.  Over the 
period of record, the maximum discharge, recorded on June 10, 1964 was 19,200 cfs; the 
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minimum, recorded on January 4, 1950, was 200 cfs.  The average annual spring flood on the 
BFR at Bonner is 9,613 cfs.  Flows during the recent 1997 spring flood event peaked at 16,200 
cfs on the BFR, corresponding to a 10-year return event (USGS 1999). 

The average discharge of the CFR as measured at USGS station 123405000 at East Missoula (2.8 
miles downstream of the dam) is 2,973 cfs.  Over a period of record from 1929 through 1997, the 
maximum discharge was 32,300 cfs, measured on June 21, 1975.  The flood of 1908, which 
occurred before the gage was installed, has been estimated at 48,000 cfs (exceeding the 100-year 
return event flood, which is estimated at 42,500 cfs for this station).  The minimum recorded 
flow on record at this station is 340 cfs, measured on September 27, 1937.  The average annual 
spring flood on the CFR at East Missoula is 16,363 cfs.  Flows during the recent 1997 spring 
flood event peaked at 26,300 cfs at this station, approximately corresponding to a 10-year return 
event (USGS 1999). 

There are no flow data available prior to fall 1984 for the CFR above the reservoir.  A gauging 
station, installed in October 1984 at Turah Bridge, had an average flow of 1,223 cfs and an 
average annual peak discharge of 6,935 cfs during the late 1984 through 1997 monitoring period.  
The maximum daily mean flow of 9,530 cfs was measured at this station on June 2, 1997.  
Although the 1997 peak flow was approximately equivalent to a 5-year return flood event, the 
1997 flood was unusual in that the high flows were sustained for an extended period of time 
throughout May and June.  A minimum flow of 219 cfs was measured on August 20, 1992 
(USGS 1999). 

Based on long-term stream flow records, the maximum daily flow in the CFR basin typically 
occurs during late May to early June, as a result of both rainfall and melting of high-elevation 
snow pack.  Following the peak runoff, stream flow generally decreases gradually during late 
June.  As temperatures increase and precipitation becomes less frequent, declining runoff, 
coupled with irrigation withdrawals, typically results in decreasing stream flows during July and 
August.  Increasing precipitation and the end of the irrigation season in September results in flow 
increases.  Flows throughout the remainder of autumn and early winter (October – January) tend 
to be stable.  During late winter and early spring, thaws can result in rapid melting of the valley 
snow and breakup of ice cover that commonly forms during the winter (USGS 1997). 

Certain conditions are required to turn a winter/early spring thaw into an ice jam/scour event.  
These include an extended period of temperatures sufficiently cold to generate thick river ice 
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followed by a rapid warming and/or rainfall that melts the low-elevation snow pack increases 
river flows and breaks up the ice.  Although documentation of observed historical ice scour 
events is limited, potential ice scour events can be identified by a signature in the historical 
meteorological/hydrological record that includes: 

• Meteorological conditions showing a period of cold temperatures followed by 
rapid warming; and  

• Hydrological conditions showing a decrease in flow that occurs simultaneously 
with the cold temperatures, followed by a rapid peak in flow during periods of 
warmer temperatures and subsequently followed by the stream flows returning to 
near the seasonal norm.   

Review of the available meteorological/hydrological information suggests that up to fourteen 
different potential ice scour/jam events may have occurred in and around Milltown Reservoir 
during the January 1929 through June 1996 period (ARCO 1998a).  The dates and maximum 
flow rates measured for each potential event are summarized in Table 1-1.  Although the 
meteorological/hydrologic record suggests that conditions were consistent with the potential for 
ice jams at Milltown Reservoir 14 times over the last 70 years (or approximately every 5 years) 
not all the potential events identified in the hydrologic record represent a true ice scour/jam 
event.  Based on actual reported ice jams, the US Army Cold Regions Research and Engineering 
Laboratory (CRREL) database identifies only 4 ice jam events during the period of record on 
either the Clark Fork or Blackfoot Rivers in Missoula County (CRREL, 1997) suggesting that 
true ice jam events may be less frequent than would be predicted from the hydrologic record 
alone (occurring approximately every 20 years or so).  Ice jams at or near Milltown Reservoir 
identified in the CRREL database included reported events in February 1986 and February 1996, 
suggesting an approximately 10-year return frequency during recent decades. 

The February 1996 ice scour event is apparently one of the most significant ice scour events on 
record for the CFR or the BFR (ARCO 1998a) and is the only observed event with concurrent 
metals sampling and analysis.  Conditions prior to the event were typified by wetter than normal 
weather in December and January followed by a week of very cold temperatures in late 
January/early February (temperatures in Missoula fell below –20 degrees Fahrenheit for four 
consecutive nights starting on January 31).  The cold air remained long enough to ensure that 
much of the water in the river froze and river flows declined to less than 1,000 cfs at East 
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Missoula on January 29.  However after 4 days of warmer temperatures (i.e., highs over 50 
degrees Fahrenheit and lows at or above freezing) and rain starting on February 4, the river ice 
began to break up and move.  The additional water in the river from the rain and melting snow 
resulted in higher river flows that greatly increased the force on the ice and caused even more 
rapid breakup than would have been expected due to warmer temperatures alone. 

As newly released ice began to float in the BFR and CFR, minor barriers to steady flow caused 
the ice to accumulate and form ice jams that in some places reportedly rose several feet or more 
out of the water.  Ice jams in the BFR near Bonner caused the water to back up to a stage of 16 
feet, 5.1 feet higher than the highest previous recorded stage during the June 1964 flood (USGS 
1996).  Because the river was not deep enough to completely float the volume of ice, portions of 
the broken ice were forced to the bottom of the river, scouring the riverbed as they moved 
downstream (supported by observed dirt on top of ice).  To a lesser degree the moving ice pieces 
could also scour material from the riverbanks.  When the surge of ice and water passed the East 
Missoula gauging system on February 10, a maximum instantaneous flow of 14,600 cfs was 
recorded (mean daily flow also peaked on February 10 at 12,900 cfs).  This flow represented the 
largest winter flow ever measured at the East Missoula gauging station.      

In summary, it appears that the February 1996 ice scour/reservoir drawdown event on the BFR 
and CFR near Milltown resulted from the following factors: 

1. Above normal precipitation during the weeks preceding the event which led to above 
normal snow pack in the CFR basin and above normal seasonal stream flows (1,800-
2,000 cfs at East Missoula); followed by 

2. Greatly reduced stream flow (below 1,000 cfs at East Missoula) due to several days 
of very cold temperatures (daily average near 0 degrees Fahrenheit) which caused 
thick ice to form; followed by 

3. Greatly increased stream flows (up to 12,900 cfs at East Missoula station on February 
10, 1996) caused by a weather change that brought warm temperatures (daily average 
near 40 degrees Fahrenheit) and rain. 

4. Emergency actions by MPC  to rapidly draw down the reservoir water level (by 
approximately 8 feet), to remove the stanchions and spill panels in advance of the 
potential arrival of the ice jam (to protect the dam and facilitate passage of the ice) 
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and to release deeper water through the dam’s radial gate may also have affected 
sediment scour in the reservoir.  (See Appendix A2 for a letter describing MPC’s 
actions during the 1996 ice scour event.) 

Possible past ice scour events, identified in Table 1-1, were likely accompanied by a set of 
similar circumstances, but with one or more of the factors either missing or much reduced.  The 
February 1996 ice scour/reservoir drawdown was unusual in that each of the factors occurred at 
exceptional levels and contributed to the extreme magnitude of the peak stream flow and ice jam 
that accompanied it.  For example, it has been estimated that, based on the available winter peak 
flow data, the February 1996 event would likely have a return period of greater than 100 years 
while the peak flows of the other 13 potential ice scour events have a winter peak flow return 
period of approximately 10 years or less (ARCO 1998a).  A second unusual aspect of the 
February 1996 event is that the available evidence (i.e. the observed height of the ice jam above 
the water surface; the observed presence on top of floating ice chunks of sediments that appeared 
to have come from the river/reservoir banks and channel bottoms; and the very high total 
suspended solids [TSS] concentrations measured in the water column), suggests that the 1996 ice 
jams were large enough to reach to, and scour, the river channel and reservoir bottom during this 
event (note that the reservoir drawdown would have exacerbated the potential for physical 
contact between the ice and the river channel/reservoir bottoms).   The TSS concentrations in the 
USGS samples during February and March 1996 were substantially higher than those for 
previous samples collected at similar flow magnitudes.  The concentrations for those two 
samples fell outside the typical sediment-flow relationship; concentrations after that began to fall 
back to the typical patterns observed prior to the ice breakup.  This indicates that additional 
sources of sediment, presumably river channel and reservoir bottom sediments, were being 
scoured and transported to the river below Milltown Dam during February and March 1996 
(ARCO 1998a).  TSS concentrations for the other potential ice scour events (for example, the 
February 1986 event) were generally within the range that was consistent with the typical winter 
TSS flow relationship suggesting that ice scour of river/reservoir channel bottom sediments 
either did not occur, or occurred to a much lesser degree than during the 1996 event, thereby 
reiterating that the 1996 event was atypical. 

1.3.2 Reservoir Sediment Geomorphology 

Following completion of Milltown Dam construction in 1907, sediment transported by the CFR 
and BFR began to deposit in the newly created reservoir.  The backwater created by the dam 
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resulted in a depositional environment by reducing the velocity of flow and hence the sediment 
transport capacity of the rivers.  Typical flow velocities in the rivers gradually decrease as water 
levels are increased by this backwater effect.  As a result, the coarsest sediments are typically 
deposited first while the finer materials are transported farther downstream into the reservoir. 

Investigation of reservoir sediments over the last eight years has included sediment core 
sampling and analysis, a cone penetrometer survey, various channel cross-section surveys, air 
photo interpretation, sequential extraction and mineralogical analyses, and sediment pore water 
sampling and analysis.  Results from investigations completed prior to 1996 were summarized in 
the RI.  Results from subsequent investigations were summarized in the “Draft Sediment and 
Surface Water Sampling Report in Support of the Focused Feasibility Study” (ARCO 1998b); 
the “CFR and Milltown Reservoir Channel Cross-Section Surveys, 1997” (ARCO 1998c); the 
“Clark Fork and Blackfoot Rivers Channel Cross-Section Surveys” (ARCO 1997a); and the 
“Summary of CFR 1997 Stream bank Sampling: Turah Bridge to Milltown Reservoir”, (ARCO 
1998d).  The following conclusions on the reservoir sediments can be made based on the results 
of the various investigations: 

1. Historical air photos indicate that the reservoir sediment has been fairly stable in 
planform over the last 50 years, suggesting that sediment transport is most active in 
the bed of the river.  This is consistent with the cross-section surveys, which indicate 
that erosion has been restricted to the river channel beds and that lateral migration of 
the river channels and/or erosion/deposition on the floodplain has been relatively 
minor.  Comparison of aerial photos from 1940, 1964 and 1990 shows that the most 
obvious change during this period has been the continuously increasing amount of 
vegetation on the exposed sediment deposits over time.  Other changes since 1940 
include: 1) an increase in size of the islands to the south of the CFR, just downstream 
of Duck Bridge trestle; and 2) progressive channel shifting in the southeast portion of 
the reservoir upstream of the trestle from three main channels of the CFR leading into 
the reservoir in 1940, to the most northerly channel becoming dominant by 1964, to 
the central channel becoming dominant with much of the northerly channel 
abandoned by 1990.  Active channels of the CFR have not occupied the southwest 
portion of the reservoir since before 1940. 

2. The total amount of fine sand and silt sediments contained in the reservoir in the mid 
1980s was estimated to be 6.6 million cubic yards (mcy) (Harding Lawson Associates 
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[HLA] 1987) with sediment depths up to 29 feet near the dam (ARCO 1995a).  
Sediment deposition occurred in a deltaic environment where a reduction in flow 
velocity in the reservoir first caused the coarser, sand-sized and fine gravel sediment 
to be deposited in relatively thin layers in the upstream portion of the reservoir and in 
the main river channels.  Thicker layers of silts and clays were deposited closer to the 
dam and in reservoir channel margins/side channels where flow velocity approaches 
zero.  Sand stringers, observed within the silt and clay deposits, indicate short 
intervals of high-velocity conditions.  For the purpose of RI/FS investigations the 
reservoir was divided into five sediment accumulation areas (Figure 1-2).  Three of 
these areas (i.e., Areas I, II and III) located downstream of the former rail grade that 
bisects the reservoir (i.e., Duck Bridge) make up what is referred to in the CFS as 
“the lower reservoir” and exhibit properties typical of sedimentation in a pool 
reservoir environment. Two of the areas (i.e., Areas IV and V) make up what is 
referred to in the CFS as the “upper reservoir” and exhibit properties that transition 
from a filled in reservoir pool to a braided channel environment that is typical of the 
reach of the CFR upstream of the reservoir. 

3. Comparison of cross-section surveys completed in 1981, 1990, 1996 (in 
October/November after the 1996 ice scour event) and 1997 (in October after the 
May/June 1997 flood event) indicate that scour and deposition have occurred at 
various locations resulting in changes in riverbed elevation (ARCO 1995; ARCO 
1997a; ARCO 1998c).  These changes in bed elevation are minor (typically less than 
2 feet) when compared to those that likely occurred in the years following dam 
construction, when sediment deposition and channel formation processes were more 
active. A qualitative review of the cross-sections shows that channel bed elevations 
increased in the majority of the transects during the monitoring period; suggesting 
overall net deposition of sediments in the reservoir during the 1990s.  Because these 
more recent surveys show top of sediment elevations up to several feet higher than 
those used by HLA in 1987 to estimate a total reservoir sediment volume, it is likely 
that actual sediment volumes currently in the reservoir may be greater than the 6.6 
mcy estimated by HLA (i.e., average current sediment thickness appears to be greater 
than the thicknesses used by HLA, assuming bottom of sediment elevation was 
unchanged). 
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4. Metals concentrations within the reservoir sediments are highly variable with location 
and depth but are inversely proportional to grain size.  Average copper (Cu) 
concentrations ranged from 83 mg/kg in sand-sized sediment, to over 5,000 mg/kg in 
silt/clay-sized sediment (ARCO 1995a).  As shown on Figure 1-2, average sediment 
metals concentrations are highest in accumulation area I (i.e., 2300 mg/kg Cu and 320 
mg/kg arsenic [As]) and lowest in accumulation area III (i.e., 232 mg/kg Cu and 34 
mg/kg As).  Dissolved metals concentrations in sediment pore water are also highly 
variable but tend to be driven by sediment geochemical conditions (i.e., oxidizing vs. 
reducing) and sediment total metals concentrations.  Pore water dissolved arsenic 
concentrations are much higher in Accumulation Area I (average 2.43 mg/l) where 
high total metals concentrations combine with reducing conditions, which favor 
arsenic solubility.  A portion of Accumulation Area I, where pore water arsenic 
exceeds 0.1 mg/l has been identified as the primary source area for the alluvial 
aquifer arsenic plume (Figure 1-2).  Arsenic concentrations in sediment pore water in 
the other accumulation areas are much lower (average < 0.063 mg/l).  Sediment pore 
water dissolved copper concentrations are  relatively low across the site (maximum of 
0.139 mg/l) because copper has relatively low solubility under the reducing 
conditions that currently exist in the thick fine-grained sediment areas where total 
metals concentrations are highest. 

5. Surficial sediments in the active river channels, even if relatively fine grained, 
typically have lower metals concentrations than surface sediment from the floodplain 
areas or subsurface sediments from below the riverbeds.  For example, the copper 
concentration in the surficial channel bed sediment in the reservoir averages 396 
mg/kg compared to 1,200 mg/kg in surficial sediment from floodplain areas 
(Environmental Toxicology International 1994).  This suggests that movement of 
historically deposited high-metals-concentration sediment and replacement with 
recent lower-metals-concentration sediment has been occurring within the active 
reservoir channels.  

6. Sampling of the sediment/water interface demonstrated that at the time of sampling 
(October 1997) there was no significant layer of precipitates, fine-grained sediments, 
or colloidal material in suspension immediately above the sediment layer (ARCO 
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1998b) that could have represented a higher metals concentration susceptible to 
erosion.   

7. A field inventory/sampling investigation of stream banks in a four-mile stretch of the 
CFR between Duck Bridge and Turah Bridge identified that the reach is highly 
braided, particularly the lower 3 miles (ARCO 1998d).  Visible tailings were 
observed at only 2 of the 21 stream bank sites inventoried.  Copper concentrations in 
the 76 stream bank samples collected averaged 381 mg/kg.  Overall, the stream bank 
metals concentrations were similar to the concentrations measured in the surficial 
sediment samples collected from the reservoir’s active river channels but much lower 
than concentrations in samples from the reservoir floodplain. 

1.3.3 Surface Water Transport of Constituents of Concern 

Water quality data from the CFR and BFR in the vicinity of Milltown Reservoir have been 
collected by the USGS, MDEQ, MPC, ARCO, Montana Fish, Wildlife and Parks (MFWP) and 
Missoula County as well as by various researchers including University of Montana graduate 
students.  The USGS dataset has gaps but is the most complete available and includes total and 
dissolved metal concentrations monitored approximately 3 to 10 times per year since 1985 at the 
CFR at Turah and BFR near Bonner stations.  Metals sampling has been conducted 5 to 10 times 
per year since 1990 at the CFR East Missoula station.  Daily suspended sediment sampling has 
also been conducted as follows: since March 1985 at Turah; July 1986 through January 1996 and 
March 1996 to the present at CFR at East Missoula; and July 1986 through September 1995 at 
BFR at Bonner.  USGS found that, during a several month test period in 1999, turbidity in 
surface water was correlated to TSS (personal communication with J. Lambing, 2000), which in 
turn is highly correlated to total recoverable copper concentrations in surface water (Lambing, 
1991).  MDEQ monitored for total recoverable metals at the stations noted above from July 1984 
through June 1991.  MPC monitored water quality on an event-specific basis to examine the 
impact of reservoir drawdown and/or dam rehabilitation activities on river water quality.  MPC 
also collected data when the reservoir was observed to be a net source of sediment to the river 
system (for example MPC collected turbidity data upstream and downstream of the reservoir 
during the February 25, 1986 ice scour event).  ARCO collected and analyzed surface water 
samples from within the reservoir at various times as part of the RI/FS.  MFWP collected water 
quality data above and below Milltown Reservoir during the 1997 spring peak flows as part of 
their “Impacts of Spring 1997 Runoff on Trout Health and Survival” study.  Missoula County 
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collected water quality data below Milltown Dam in February 1996 to assess the impact of the 
1996 ice scour event on downstream water quality.  In addition, the RI also evaluated sediment 
transport using a Hydrologic Engineering Center #6 (HEC-6) computer model to predict 
sediment deposition, scour and transport through Milltown Reservoir over the longer-term and 
during very high flow events (i.e., 100-year return period flood).   

A brief description of the conceptual model regarding events that may cause surface water 
quality impacts downstream of Milltown Reservoir is provided in Section 1.3.3.1.  The results of 
the water quality monitoring and numerical modeling studies completed to date are summarized 
in Section 1.3.3.2 for average or long-term conditions and in Section 1.3.3.3 for conditions 
during unusual events (e.g., ice scour, reservoir drawdown, floods). 

1.3.3.1 Conceptual Model of Events That May Cause Surface Water Quality Impacts 
Downstream of Milltown Reservoir 

Water quality downstream of Milltown Reservoir can be influenced by influent concentrations to 
the reservoir from upstream as well as the relative amounts of sediments and metals 
scour/deposition within the reservoir.  Influent concentrations from upstream are influenced by 
upstream hydraulic and metals loading conditions that are not affected by any of the MRSS 
alternatives.  Sediment scour from within the reservoir and the resultant potential for downstream 
water quality impacts may be affected by: 1) snow melt runoff or other high flow events, 2) river 
ice scour, 3) ice scour combined with reservoir drawdown (i.e., emergency reservoir operation to 
prevent damage to flashboards), and 4) catastrophic dam failure caused by extreme floods and/or 
earthquakes. 

High flow events increase average water velocity in the reservoir channels and therefore can 
increase the potential for sediment scour/release and decrease the potential for sediment 
deposition.  River ice scour events can combine the high water velocities of high flow events 
with the potential for physical scour and disturbance of reservoir sediments by moving ice.   This 
results in the potential for higher downstream sediment and metals concentrations than would be 
typical of a similar flow event without ice.  Reservoir drawdown, when combined with ice scour, 
can increase the potential for net sediment scour from the reservoir because by lowering 
reservoir water levels it increases the potential for the bottom of moving ice pieces to ground and 
disturb/scour channel bottom sediments.  In addition, if the radial gate is used to draw down the 
reservoir, the water is released from greater depths.  This deeper water is more likely to contain 
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higher sediment concentrations than the near surface reservoir water which is released through 
flow over the spillway or through the dam turbines.   

Significant scour of reservoir sediments could occur over a relatively short period of time in the 
event of a catastrophic dam failure.  Sediments would likely be scoured from the reservoir 
channel bottoms due to the drop in river stage that would accompany a dam failure as well as 
from channel banks that would likely sluff into the degrading channel.  Significant increases in 
sediment and total metals concentrations downstream of the dam would be expected in the event 
of a catastrophic dam failure.  However, the probability of catastrophic dam failure is extremely 
small and not considered to be a significant threat as requirements mandated by FERC are 
implemented. 

The specific sediment transport and water quality data available describing typical reservoir flow 
and operation conditions and describing high flow, ice scour and/or reservoir drawdown 
conditions are discussed in more detail in Sections 1.3.3.2 and 1.3.3.3, respectively. 

1.3.3.2 Sediment Transport and Water Quality During Normal or Long-term Conditions 

Water quality and other data collected to date show that Milltown Reservoir can act as a transient 
source or sink, depending on flow and reservoir operational conditions.  Data collected during 
the 1985-95 period indicate that the reservoir acted, on average, as a sink for metals and 
sediments (USGS: Lambing 1991 and USGS: Hornberger and others 1997).  Updating these data 
with data from 1996 and 1997 indicate that net scour occurs during conditions of substantial ice 
breakup (1996) and extended high flow (1997).  Therefore, it is likely that sediment and metals 
accumulate temporarily during low-flow years, but eventually an equivalent amount of deposited 
material can be removed by scour.  Consequently, the net mass balance of loads in Milltown 
Reservoir probably is in long-term equilibrium between input and output (USGS: Lambing 
1998).  Long-term reservoir behavior is likely to continue to display no significant net change in 
sediment storage because the reservoir currently acts as a run-of-the-river impoundment with 
limited storage capacity to retain the sediments delivered from the Blackfoot and Clark Fork 
Basins.   Specific conclusions from the studies completed to date include the following: 

1. Through comparisons of metal and TSS loads at Turah Bridge with those of the BFR and 
East Missoula, the USGS concluded that the reservoir was a sink (i.e., net depositional 
zone) for sediment and metals during the 1985-1995 period.  On average, the reservoir 
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stored approximately 13,000 tons of sediment and 1.6 tons of copper per year during the 
1991-1995 water years, a period of relatively low spring flows and normal reservoir pool 
levels (USGS 1997).  During much of the year, the data showed that there was relatively 
little sediment in suspension and that there tended to be net deposition of a portion of the 
incoming suspended sediment/metals load in the reservoir.  During periods of higher 
flows (i.e., during all but the lowest spring flows) the data suggested that some sediment 
was eroded from the reservoir bottom  at a rate that increased with the magnitude of the 
flow.  

2. Numerical modeling of a 51-year time series of flows using the HEC-6 sediment 
transport model (i.e., using actual flow records for a 50-year period of record plus 
appending a simulated 100-year event to the end of the series) indicated the following: 1) 
net annual scour of reservoir sediments was predicted in years with high peak flows (i.e., 
>30,000 cfs at East Missoula); 2) net annual deposition was predicted for years when 
peak flows on the CFR at East Missoula are less than approximately 20,000 cfs; 3) in 
years with peak flows between 20,000 and 30,000 cfs the model predicts a transition from 
net deposition to net erosion; 4) During years when the peak spring flood is near the long-
term average (i.e., approximately 16,000 cfs at East Missoula), 23,200 tons of net 
sediment deposition in the reservoir was predicted; 5) a total of about 131,000 tons of net 
sediment scour is predicted for years when a 100-year return interval flood occurs; and 6) 
overall a small amount of net deposition was predicted to occur in the reservoir over the 
51-year simulated time period (ARCO 1995a). 

3. Metals transport and other evaluations completed as part of USGS’s CFR 
Geomorphology Study identified that the main stem of the Upper CFR (from the 
headwaters at Warm Springs to Turah) and small ungauged tributaries contributed 63% 
of the suspended sediment and 81% of the total recoverable copper load measured at the 
Turah Bridge station (USGS 1998).  The balance of the load was contributed by input 
from upstream (i.e., Silver Bow and Warm Springs Creeks) and gauged tributaries (i.e., 
Little Blackfoot River, Flint Creek, Rock Creek).  Under current source conditions and 
with 1985-1995 transport rates adjusted for average long-term hydrology conditions the 
total recoverable copper loading sources to the Upper CFR were ranked in importance as 
follows: bank erosion (60% of copper load), streambed exchange (14 %), tributaries 
(10%), groundwater/floodplain runoff (10%), upstream (6%).  A load mass balance 
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indicated that under current conditions only about 56% of the total copper input to the 
CFR is transported past Turah, with the balance being deposited on point bars upstream 
of Turah.  Under 1985-1995’s hydrology (a period when high flows were below average) 
copper loading to the CFR was higher per river mile in the upper reach (Warm Springs to 
Garrison) with loading/river mile becoming progressively less in the middle reach 
(Garrison to Drummond) and lower reach (Drummond to Turah).  Under a hydrologic 
regime that includes high flows (i.e., the 1991-1997 period when flow duration statistics 
generally matched long-term hydrology) metals/sediment inputs to the CFR increase 
disproportionately in the lower reaches.  This results in nearly equivalent yields along the 
120-mile river length, with the exception of the Galen to Deer Lodge reach which 
provides about double the input per river mile. 

4. Estimates of the impact that potential remedial actions on the Upper CFR and other 
upstream OUs will have on the sediment/metals load and concentrations passing Turah 
Bridge (and hence potentially reaching Milltown Reservoir) will be completed as part of 
the ongoing CFR RI/FS.  Remedial actions on the Upper CFR are likely to focus on the 
Deer Lodge Valley Reach (i.e., Warm Springs to Garrison where the majority of the 
exposed tailings areas are found).  Thus, post-remedial action reductions in 
sediment/metals load and concentrations at the Turah Bridge station would be relatively 
small to moderate as dispersed metal sources would remain in the channel below the Deer 
Lodge valley and continue to contribute metals to the river.  

5. A study of copper loading to the CFR from stream meandering/avulsion in the Turah 
Bridge to Duck Bridge reach (R2 1998) concluded that, although the reach is 
morphologically active, it currently does not act as a significant source of metals to 
Milltown Reservoir.  This conclusion was based on: 1) the observation that metals 
concentrations in the vicinity of the current river channel(s) in this reach are nearly in 
equilibrium with sediments being transported by the river from upstream reaches (i.e., 
concentrations of metals attached to sediments entering this reach from upstream are 
nearly the same as those found in the eroding stream banks); and 2) the volume of 
sediments scoured from the reach during channel meandering/ avulsion appears to be 
approximately offset by the amount of upstream sediment that deposits on point bars/old 
channels within the reach. 
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6. Based on the water quality database there is a reasonable correlation between TSS 
concentrations, flow and total recoverable concentrations of most metals (especially 
copper) at stations in the vicinity of Milltown Reservoir.  Dissolved metal concentrations 
are typically low at all three stations and do not correlate strongly with either TSS, flow 
or total recoverable metals concentrations (ARCO 1995a). 

7. Based on the available data the concentrations of TSS and metals are typically highest at 
the Turah Bridge gauging station (see Table 1-2).  The apparent decrease in metals 
concentrations from Turah to East Missoula noted in the available data set (which 
predominantly includes years of lower than average flow) can be explained by dilution 
with BFR water and/or deposition of sediment-borne metal in the Milltown Reservoir.  
Over the longer-term the average water quality downstream of Milltown Dam is likely to 
be largely controlled by influent CFR concentrations and dilution from the BFR, with the 
reservoir having only limited influence during normal dam operation and flow conditions 
(ARCO 1995a).  Scour events during high flows or ice breakup can temporarily cause 
increases in metal and sediment concentrations above those of the influent water. 

1.3.3.3 Sediment Transport and Water Quality during Various  Hydrological or Dam 
Operational Conditions 

Conditions that may affect sediment scour/transport and downstream water quality on a short-
term basis include dam/reservoir operational conditions (i.e., rate/method of reservoir drawdown 
and reservoir pool level), flow conditions and ice jam/scour events.  Conclusions on the potential 
effects of each of these conditions are provided below.  

Effect of Dam/Reservoir Operational Procedures and Conditions 

• The potential effect of reservoir drawdown on downstream water quality was 
evaluated by Land and Water Consulting, Inc. (ARCO 1999a).  In the analysis 
turbidity data, collected by MPC, was used as a surrogate for downstream water 
quality (i.e., TSS and total recoverable metals levels in the water column) because 
only a limited amount of metals concentration data has been collected during 
reservoir drawdown conditions.  As shown in Table 1-3, elevated turbidity values 
downstream of the dam (as compared to background concentrations in the CFR 
and BFR upstream of the dam) appear to be associated with rapid drawdown in 
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the reservoir (e.g., a 25x increase in turbidity downstream of Milltown during the 
July 1980 reservoir drawdown event).  Slow reservoir drawdown occurring after 
the annual hydrograph peak appears to have a much smaller effect on downstream 
turbidity (e.g., less than 3x increase during the July 1982 reservoir drawdown 
event).  In either case, the effect of reservoir drawdown on downstream water 
quality is short-lived (typically less than a week). 

• In addition to the impact of reservoir drawdown rate, water quality downstream of 
Milltown Dam is also influenced by reservoir pool water level.  For example, 
maintaining the reservoir pool at a lower elevation during spring may allow 
greater sediment scour and transport during high flow.  Conversely, maintaining a 
high pool elevation during the summer provides for increased retention and 
sedimentation. 

Effect of High Flow Conditions 

• Sediment transport and water quality during high flow events can be evaluated 
using water quality data collected during the 1997 spring flood (a 5-to 10-year 
return event) and using the HEC-6 model predictions for a 100-year flood event.  
As shown in Table 1-4, water quality sampling during the 1997 flood showed that 
total recoverable metals and TSS concentrations generally increase with 
increasing flow.  In contrast, dissolved metals concentrations generally exhibit 
only a slight increase as flow increases.  TSS and total recoverable metals 
concentrations during this period were highest at the CFR Turah Bridge station 
with lower concentrations measured at the CFR East Missoula and BFR Bonner 
stations.  This pattern is consistent for dissolved metals concentrations. 

• Comparing flow-weighted constituent concentrations measured by USGS on the 
same day up and downstream of Milltown Reservoir during the 1997 high flow 
event (Appendix E2, Table E2-4) shows that on June 2, 1997 the reservoir 
appeared to be acting as a slight sink for total and dissolved copper and for 
dissolved arsenic and a slight source for dissolved zinc and total lead and zinc.  
The flow weighted concentration differences were slight and may have been 
within measurement error.  A more detailed and extended mass balance 
evaluation of the effect of the reservoir on dissolved trace element concentrations 
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before, during and after the 1997 high flow event also found that the reservoir had 
little effect on downstream dissolved metals concentrations.  This more detailed 
evaluation was performed as part of a University of Montana Thesis study 
(Mickey, 1998).  Mickey concluded that “mass balance calculations show that of 
the elements chosen, only Mn behaves in a non-conservative manner within the 
study area.  These results indicate that dissolved concentrations of As, Ba, Ca, Cu, 
K, Li, Mg, Na, S, Si and Sr are not significantly affected by processes in the 
Milltown Reservoir system.”  Mickey noted that the observed net attenuation of 
Mn by the reservoir reach on March 20, 1997 followed by net release from this 
reach on the rest of the sampling dates may be explained by release of Mn-
elevated groundwater to the Clark Fork River between Milltown Reservoir and 
Deer Creek Bridge during and after runoff. 

• Although the database of metals concentrations measurements collected 
periodically over the course of a single flood event is limited, the behavior of total 
recoverable metals concentrations during an individual flood event can be 
estimated by applying total recoverable metals concentration vs. flow 
relationships (developed for the entire database) to the available USGS daily flow 
information for various flood events on record.  Using this approach Land and 
Water concluded that total recoverable metals/TSS concentrations are higher, on 
average, during the rising limb of the flood hydrograph (i.e., rising flow 
conditions that occur prior to peak runoff) than during equal flow conditions 
during the falling limb (ARCO 1999a). 

Effect of Ice Jam/Scour Events 

• The influence of ice scour events on water quality downstream of Milltown Dam 
are difficult to evaluate separately since historically these events were often 
associated with a concurrent lowering of the reservoir pool level.  Water quality 
data collected by USGS and Missoula County during the February 1996 ice scour 
event (Table 1-5) showed high total recoverable copper and zinc concentrations 
(i.e., in excess of 400 micrograms per liter [ug/l] and 1,000 ug/l, respectively) 
occurred in the CFR below Milltown Dam during February 9 and 10.  Dissolved 
metals concentrations were significantly lower in the CFR below Milltown during 
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this event (i.e., USGS measured dissolved copper and zinc at 11 ug/l and 15 ug/l, 
respectively, on February 9, 1996 and the Missoula City/County Health 
Department (MCCHD) measured dissolved copper and zinc at 30 ug/l and 40 
ug/l, respectively, on February 10, 1996). It is significant to note that dissolved 
concentrations increased three-fold from February 9th through February 10th. In 
addition, no samples were taken at the time of maximum ice scour when peak 
suspended solids concentrations would have been expected.  Metals levels, both 
total recoverable and dissolved, would be expected to be higher at this point of 
maximum ice scour. 

• The USGS did not collect samples at Turah Bridge and below Milltown Dam on 
concurrent dates during the 1996 ice scour event due to safety risks to sampling 
personnel caused by the higher flows and ice.  Consequently, a direct comparison 
of concentrations above and below Milltown Reservoir cannot be made using the 
USGS data set.  However, MCCHD did collect samples from above and below 
the reservoir on February 11, 1996.  Comparing flow-weighted concentrations 
from the MCCHD February 11 samples (Appendix E2, Table E2-2) suggests that 
the reservoir acted as a significant source of metals during this event.  Total 
metals and arsenic concentrations measured downstream of the dam were 
significantly higher than would have been predicted based on concentrations 
coming down from upstream. Downstream dissolved concentrations were also 
higher than would have been predicted based on flow-weighted upstream 
concentrations.  However, the percent increase in dissolved constituents over what 
would be predicted based on upstream concentrations alone was lower (in the 9 to 
60% range) and particularly for copper may have been within measurement error. 

1.3.4 Groundwater Fate and Transport of Constituents of Concern 

Sediments containing arsenic and other metals related to upstream mining activities, began to 
accumulate in the reservoir shortly after the Milltown Dam was built.  Studies completed to date 
have identified that the accumulated reservoir sediments are a primary source of arsenic loading 
to the alluvial aquifer beneath and downgradient of the reservoir.  As indicated in Appendix A3, 
the approximate volume of alluvial aquifer groundwater exceeding the Montana Numeric Water 
Quality Standard for arsenic of 0.02 milligrams per liter (mg/l), is 320 to 630 million gallons 
(depending on the porosity of material) based on December 2000 water quality data.  The 
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processes by which the arsenic is released from the sediments and transported into and through 
the alluvial aquifer are described in Sections 1.3.4.1 through 1.3.4.6. 

1.3.4.1 Conceptual Model of Hydrogeologic System  

The geochemical conditions within the reservoir sediments have resulted in mobilization of 
arsenic contained in the sediments.  Arsenic is mobilized from the sediments to the sediment 
pore water and, ultimately, to the alluvial aquifer groundwater due to geochemical and 
hydrogeological conditions in the sediments.  Once in the groundwater, arsenic concentrations 
decrease rapidly due to dilution and geochemical reactions which remove arsenic from solution. 

Figures 1-4 and 1-5 present the areas with arsenic concentrations in the groundwater as defined 
by the 0.05 mg/l federal MCL and the Montana Numeric Water Quality Standard for arsenic of 
0.02 mg/l, respectively.  These figures indicate that arsenic-impacted alluvial groundwater is 
located mainly below the reservoir sediments and downgradient of the sediments beneath a small 
portion of Milltown and a narrow band downstream of the dam.  The area of groundwater 
exceeding the Montana Numeric Water Quality Standard of 0.02 mg/l for arsenic is 
approximately 180 acres and is slightly larger than the area of groundwater exceeding the 0.05 
mg/l arsenic federal MCL.  The majority of this plume area is within the reservoir boundary 
(only about 66 acres of the 0.02 mg/l arsenic plume is located outside of the reservoir boundary). 

The reservoir sediments are a primary source of arsenic to the alluvial aquifer; however, only a 
portion of the sediments contribute to arsenic exceedances in the alluvial aquifer.  Pore water 
arsenic concentrations in portions of the sediments are below the 0.02 mg/l level groundwater 
standard.  Additionally, as discussed in Section 1.3.4.6, pore water concentrations need to be 
significantly higher than 0.02 mg/l arsenic to result in arsenic exceedances in the alluvial aquifer, 
due to dilution and geochemical reactions that attenuate arsenic concentrations along the flow 
path from the sediments to the alluvial aquifer. 

1.3.4.2 Nature and Extent of Arsenic  

Arsenic is associated with different minerals in the reservoir sediments.  Arsenic mobilization 
from the sediments depends on the mineral association and on the geochemical conditions.  For 
example, the results of laboratory tests indicate that approximately 10 percent of the total arsenic 
in the sediments is adsorped to iron oxyhydroxides.  Oxyhydroxides are stable under oxidizing 
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conditions but unstable under reducing conditions.  A large portion of the sediments are in a 
reducing zone, resulting in the potential mobilization of arsenic from oxyhydroxides in this zone. 

The largest percentage of arsenic is bound within residual minerals, primarily sulfides.  In 
contrast with oxyhydroxides, sulfides are stable under reducing conditions, but unstable under 
oxidizing conditions.  However, mobilization of arsenic from residual minerals located in the 
oxidized portion of sediments is limited.  This is because the arsenic concentration in oxidized 
water is kept low by adsorption onto oxyhydroxides. 

A very small percent (0.3 percent) of the total arsenic in the sediment samples (pore water and 
solid sediment material combined) is present as dissolved arsenic.  Arsenic pore water 
concentrations average 2.4 mg/l in the reservoir sediments located immediately upstream of the 
dam and southeast of Milltown.  In this area, sediment accumulations are deep and characterized 
by high total arsenic concentrations.  In other areas, sediments are thinner or composed 
predominantly of coarse-grained sediments.  These thinner or coarse-grained sediment areas 
have much lower average pore water arsenic concentrations and are not considered to contribute 
to the arsenic concentration exceedances (0.02 mg/l) observed in the Milltown alluvial aquifer. 

1.3.4.3 Fate and Transport of Arsenic  

Arsenic enters groundwater via movement of pore water through the reservoir sediments and to 
the alluvial aquifer, which is in direct contact with the sediments. The primary arsenic transport 
route within the alluvial aquifer beneath the reservoir sediments is groundwater flow in a 
northeastern direction toward Milltown.  The groundwater flow is bounded on the southwest by 
the "no-flow" boundary of the bedrock outcrop and to the west by the dam and dam foundation, 
which cause the flow within the alluvial aquifer to bend sharply around the dam and then to the 
west.  Figure 1-6 indicates the direction of groundwater flow. 

1.3.4.4 Arsenic Depletion from Reservoir Sediments  

As discussed in Section 1.3.4.2, arsenic can be mobilized from the sediments depending on 
mineral association and geochemical conditions.  This mobilization gradually depletes the source 
of arsenic. 

Assuming the geochemical zones continue to be stable, the mass of arsenic available to enter the 
pore water was calculated to be approximately 430 tons.  Based on flux estimates through the 
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reservoir sediments, the arsenic loading rate to the alluvial aquifer has been estimated to be from 
2 to 20 pounds per day.  At this rate, assuming no addition of available arsenic from deposition 
of additional sediments from upstream or change in extent of geochemical zones, it will take 
between approximately 200 and 2,000 years to deplete the arsenic source.  This approximation 
assumes linear mobilization of arsenic from minerals in the sediment to the pore water.  
Realistically, pore water concentrations will decrease gradually over time, resulting in a longer 
time for arsenic depletion but with lower concentrations. 

1.3.4.5 Arsenic Migration 

A downward hydraulic gradient through the reservoir sediments is the primary mechanism for 
arsenic introduction into the alluvial aquifer.  Evaluation of alluvial water quality data indicates 
that the downgradient extent of elevated arsenic concentrations in the groundwater is limited by 
dilution and adsorption mechanisms that reduce arsenic concentrations.  

Arsenic from the reservoir sediments is diluted by the large alluvial groundwater flow.  The 
alluvial groundwater flow conservatively provides about 5 times dilution as the water leaving the 
reservoir sediments mixes with the shallow aquifer beneath the sediments.  Dilution is also 
important along the boundaries of the area with arsenic concentrations in the groundwater 
exceeding 0.02 mg/l, decreasing concentrations by gradual mixing of the pore water with the 
alluvial aquifer. 

Adsorption also affects the extent of the arsenic in groundwater by removing arsenic from 
solution along the flow path through geochemical processes.  In particular, adsorption to iron 
oxyhydroxides would be expected under the less reducing conditions present in the alluvial 
aquifer.  A mass balance flow tube analysis completed as part of the RI and included as 
Attachment C to Appendix E4, suggested that adsorption could be a significant mechanism for 
reducing groundwater arsenic concentrations to low levels particularly in the downgradient 
portion of the area.  Although the mass balance calculation predicted that arsenic adsorption was 
occurring along the flow path, laboratory extraction tests on solids obtained from the alluvial 
aquifer did not detect measurable concentrations of arsenic adsorped to alluvium (see “Milltown 
Reservoir Sediment Operable Unit Field Investigation Data Summary Report” ARCO, 1995d). 

The natural mechanisms of dilution and adsorption, which provide a control on the extent of 
arsenic migration at the MRSS, will continue to operate.  Significant changes in oxidation 
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conditions or flow in the alluvial aquifer are unlikely because of the site location at the 
convergence of two rivers, which provides a constant massive flow of oxidized water. 

1.3.4.6 Source Area for Groundwater Arsenic Plume 

Arsenic concentrations in the sediment pore water decrease rapidly upon entering the alluvial 
aquifer due to dilution and adsorption processes.  For this reason, sediment pore water arsenic 
concentrations significantly higher than the Montana Numeric Groundwater Quality Standard of 
0.02 mg/l arsenic are required to represent a source contributing to arsenic exceedances in the 
alluvial aquifer.  For the purpose of RI/FS evaluations, the sediments with pore water arsenic 
concentrations sufficiently elevated to potentially cause exceedances of state arsenic standards in 
the alluvial aquifer are called “source sediments”. 

The area of source sediments was delineated using pore water concentrations at least five times 
higher than the 0.02 mg/l Montana Numeric Water Quality Standard for arsenic, or 0.1mg/l.  The 
factor of five was derived to represent the initial dilution-related reduction in arsenic 
concentrations that is thought to occur as the sediment pore water flux mixes with the underlying 
alluvial aquifer.  The initial dilution-related reduction, assuming complete mixing of waters, was 
estimated by comparing the 200,000 cubic feet per day vertical pore water flux through the 
sediments with the 1,000,000 cubic feet per day flux flowing in the shallow alluvial aquifer 
underneath the sediments (a potential 1-to-5 reduction ratio).  As noted in Section 1.3.4.5 arsenic 
concentrations are further reduced along the flow path as the shallow alluvial aquifer flow mixes 
with the larger deep alluvial aquifer flow beneath and downgradient of Milltown and as 
adsorption removes arsenic from solution.  However, to be conservative only the initial 
approximately 5-fold dilution reduction is assumed for delineating the source sediment area. 

Appendix A4, Figure A4-1 shows the approximately 71 acres aerial extent of the delineated 
source sediment area.  The source sediments occupy the portion of reservoir located immediately 
southwest of Milltown and make up the majority of Sediment Accumulation Area I and a small 
part of Sediment Accumulation Area III.  The estimated volume of source sediments is 
approximately 2 million cubic yards.  The delineated source sediment area contains the thickest 
deposits of fine-grained silts and clays.  Sediments located further upstream are generally 
thinner, coarser-grained, and have lower total arsenic concentrations and much lower pore water 
arsenic concentrations (pore waters in these upstream areas typically contain less than 0.015 mg/l 
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dissolved arsenic).  Appendix A4 provides additional background on sediment source area 
delineation as well as backup for the volume calculation.  

1.3.5 Biological Resources 

Vegetation/Wetlands 

Wetlands in the MRSS were delineated in summer 1990 by personnel of the U.S. Fish and 
Wildlife Service (USFWS 1991) using the methodology described in the 1989 Federal Manual 
for Identifying and Delineating Jurisdictional Wetlands.  This methodology was supposed to 
replace the methodology identified in the 1987 Corps of Engineers Wetlands Delineation 
Manual.  However, most federal agencies re-instituted use of the Corps Manual in 1991. 

Jurisdictional wetlands or shallow water habitat (water < 6.6 feet deep) were found to occur over 
most of the area between I-90 on the north, the abandoned railroad grade on the south, Milltown 
Dam on the west, and the eastern end of the OU.  The only portions of the MRSS area that were 
not found to be jurisdictional wetlands or shallow water habitat were extensions of upland near 
the abandoned railroad bridge on both sides the reservoir and the deeper portions of the reservoir 
pool (> 6.6 feet deep).  There were a total of 297 acres of jurisdictional wetland, 125 acres of 
shallow-water habitat, and 45 acres of deep-water habitat within the MRSS assuming typical 
reservoir pool levels (ARCO 1999b). 

There is a high diversity of wetland habitat types in the MRSS distributed in a complex mosaic 
over the site.  The wetland and deep-water habitats in the MRSS include lacustrine, riverine and 
palustrine types.  Palustrine wetlands were the dominant wetland type encompassing 
approximately 307 acres of the MRSS area.  Palustrine wetlands at MRSS are divided into the 
following classes: scrub-shrub (218 acres of which about 44 acres were previously farmed for 
hay and 174 acres are relatively undisturbed); emergent (77 acres); and aquatic bed (12 acres).  
Willow, water birch, and mountain alder dominate the scrub-shrub wetlands.  Common 
understory plants included redtop bentgrass, beaked sedge, Baltic rush, common tansy and field 
horsetail.  Balsam poplar trees occurred in scattered groves in the upper reservoir area.  
Emergent wetlands were mainly dominated by common cattail and hard stem bulrush.  Aquatic 
beds were dominated by pondweed and small duckweed. 

In addition to the wetland delineation/habitat mapping completed by USFWS, an assessment of 
wetland functional value was completed by ARCO contractor R2 Resource Consultants with 
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support from USFWS (ARCO 1999b).  Functional values were determined for MRSS wetlands 
using an evaluation method and form developed specifically for CFR Basin Superfund sites.  
Wetland functions evaluated included: hydrologic support; flood flow alteration; sediment 
stabilization and erosion control; water purification; production export/food chain support; 
aquatic diversity and abundance; wildlife diversity and abundance; breeding; wintering; and 
threatened, endangered and sensitive species.  The evaluation was completed using information 
collected during the 1990 wetland field survey by USFWS and a reconnaissance level field visit 
by David Chapin (R2 Resource Consultants) and Bill Olsen (USFWS) in December 1998. 

Results of the wetland functional value assessment showed that the area identified as the 
Reservoir Pool Assessment Area (i.e., the portion of MRSS located downstream of Duck Bridge) 
had a functional value rating of 2.64 (out of a maximum of 3.0) while the Braided River 
Assessment Area (i.e., the portion of MRSS located upstream of Duck Bridge) had a rating of 
2.73.  The MRSS wetlands have generally high functional value for nearly all of the functional 
categories (ARCO 1999b). 

A threatened, endangered, and sensitive (TES) species inventory was also performed to 
determine if any TES species are present, or if suitable habitats for these species are present, in 
the MRSS (ARCO 1999b).  The inventory utilized information presented in the USFWS wildlife 
survey report (USFWS 1991) and/or provided by the Montana Natural Heritage Program.  The 
inventory found that no known TES plant species have been identified at the MRSS.  Nineteen 
plant species of special concern that are present in Missoula County have habitat requirements 
consistent with those present at the MRSS and consequently potentially occur at the site.  
However, there are no documented occurrences of any of these species within 5 miles of the 
MRSS.  Two federally listed threatened or endangered plant species are presently known to 
occur in Montana, water howellia and Ute ladies’-tresses.  Only water howellia is known to 
occur in Missoula County, with the nearest known occurrence about 40 miles north of the MRSS 
area (ARCO 1999b). 

Wildlife 

The uplands, wetlands, and deep-water areas in the vicinity of the MRSS provide habitat for a 
variety of wildlife species (HLA 1987).  Big game species that use these habitats include elk and 
white tailed deer.  Milltown Reservoir provides good habitat for small fur bearing mammals, 
particularly beaver, muskrat, and mink.  River otters may occasionally move through the MRSS 
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but are not considered permanent residents.  Other small mammals that occur in the MRSS 
include house mice, deer mice, and masked shrews. 

USFWS conducted bird surveys at the MRSS during 1990 and identified 89 bird species 
(USFWS 1991).  The majority of these species are assumed to be active breeders that use the site 
throughout the year.  The survey identified waterfowl (grebes, herons, swans, ducks, teals, 
cormorants, mergansers, etc.), raptors (hawks, eagles, osprey and kestrels), songbirds and other 
bird species (doves, pheasants, hummingbirds, woodpeckers, etc.). 

Gray wolf, grizzly bear, bald eagle,  and bull trout are federally listed threatened and endangered 
species historically or presently occurring at Milltown Reservoir.  Gray wolves and grizzly bears 
have been displaced from the area, although they may have historically occurred in the vicinity.  
Bald eagles occur regularly along the CFR in the winter and were observed at the MRSS every 
month of USFWS’s bird survey except June. Bull trout are collected from the CFR below 
Milltown Dam and released upstream of the dam.  The Rock Creek drainage, located about 15 
miles upstream of Milltown Reservoir, is thought to have the healthiest bull trout population in 
the upper CFR drainage basin (MBTRT 2000). Bull trout migration through this area is 
considered important for protection of the bull trout species. 

Fisheries 

Fishery resources in the Milltown Section of the CFR have been routinely monitored by the 
MFWP since 1979.  This section of the CFR supports several populations of salmonids, 
however, rainbow and brown trout are the dominant species.  Rainbow trout are more abundant 
than brown trout downstream of Milltown Dam, typically accounting for close to 90% of the 
combined trout catch.  In contrast, brown trout are the most abundant trout species at the CFR 
Turah site (just upstream of Milltown Reservoir) comprising about 70% of the total catch. 
Populations of bull, brook, and cutthroat trout are also present in the CFR drainage, but have not 
been quantified by MFWP.  The fish assemblage below Milltown Dam also includes large-scale 
and longnose suckers, mountain whitefish, northern squawfish, longnose dace, and sculpins 
(Peters 1985). 

Rainbow trout abundance in the CFR below Milltown Dam has varied over the monitoring 
period with population densities ranging from 212/mile (1980) to 684/mile (1983), and averaging 
442/mile.  Brown trout abundance in this reach varied from 33/mile (1988) to 191/mile (1984), 
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averaging 75/mile.  Rainbow trout decreased from 589/ mile in the summer of 1995 to 224/mile 
in the summer of 1996, and brown trout decreased from 767/mile to 29/mile during the same 
time.  The ice-scour event is a probable cause for the decreased trout densities in 1996, and 
increased metals were a contributing factor.  In addition to increased concentrations of metals, 
other factors may have contributed to reduced densities of trout include: direct abrasion by ice, 
alteration of habitat by scouring and degradation of habitat (ARCO 1998e), and high 
concentrations of suspended solids for long enough to be at lethal thresholds for salmonid fish 
(Newcombe and Jensen 1996).  The relative importance of the several factors that may have 
contributed to the decline in trout densities cannot be determined, but some factors such as 
exposure to suspended sediment and elevated metals, which both adversely affect the gills of 
fish, may compound one another.   

During 1997, MFWP performed an investigation designed to evaluate the potential effect of 
Milltown Reservoir on survival, growth and physiology of trout located downstream of the 
reservoir.  The study included exposing caged rainbow trout to instream conditions in the CFR 
below Milltown as well as the CFR at Clinton, the BFR above Milltown Reservoir and a control 
site located on a nearby spring creek.  The study extended through the entire period of high 
spring flows that occurred during 1997.  The study concluded that, "There was no clear 
indication that exposure to metals had an effect on the survival, growth or health of the fish" 
(MFWP 2000). 

Milltown Reservoir’s shallow and weedy backwaters provide good spawning and rearing 
opportunities allowing for northern pike (Esox lucius) proliferation.  Northern pike have the 
potential to affect bull trout populations in the Milltown Project area through predation on bull 
trout and competition for prey in the reservoir.  Northern pike have competitive advantages over 
salmonid fish.  Northern pike have faster growth rate, greater fecundity, and quicker recruitment 
than bull trout.  The pike begin piscivorous behavior within weeks of hatching and attain sizes 
that put juvenile and sub-adult bull trout at predation risk.  They have a demonstrated feeding 
preference for soft-rayed species like trout, especially bull trout.  The abundance of northern pike 
in Milltown Reservoir is also a potential source of competition for bull trout using the reservoir 
during the fall, winter and spring . 
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Macroinvertebrates 

The MDEQ has conducted annual macroinvertebrate (i.e., aquatic insect) surveys since 1986 as 
part of a comprehensive environmental surveillance program of the CFR basin.  
Macroinvertebrates are considered to be good indicators of water quality and are commonly used 
to evaluate environmental impacts to streams.  The 1996 annual macroinvertebrate monitoring 
report, prepared based on data collected after the February 1996 ice scour event, had the 
following conclusions: 

1. Based on the macroinvertebrate community the CFR above Missoula station 
(located approximately 1.5 miles below Milltown Dam) had a higher biointegrity 
score in 1996 (after the February 1996 ice scour event) than in 1995 or in the 8-
year average.  This station and the CFR at Turah station, were the only stations on 
the CFR to show an increase in biointegrity between 1995 and 1996.  The 
macroinvertebrate community metrics suggested that the CFR above Missoula 
was slightly impaired by nutrient/organic pollution in 1996.  No metals pollution 
impairment has been observed at this site since 1990. 

2. The CFR at Turah and the BFR near-mouth stations are among the healthiest 
stations in the study area rating as non-impaired since 1993 and 1991 
respectively. 

The most recently published report, containing annual monitoring data through 1999 had the 
following conclusion: 

1. The CFR above Missoula station was non-impaired in 1999.  Biointegrity (95%) 
was well above long-term site average (82%).  Slight to moderate nutrient/organic 
pollution was evident at the site.  Metals pollution has not been indicated since 
1990. 

2. The CFR at Turah and BFR near mouth stations continue to be among the 
healthiest stations in the study area.  Slight metals pollution was indicated at the 
CFR at Turah station in 1986, 1990 and 1997. 
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1.3.6 Milltown Dam FERC License, Configuration and Operation 

The Milltown Dam was originally constructed in 1906 and 1907 as a rock-filled timber crib 
structure.  The original construction included a concrete and brick masonry powerhouse and 
rock- filled timber crib sections at the right abutment, the spillway, and the wall separating the 
powerhouse forebay and tailrace area from the adjacent spillway.  Significant repairs, 
modifications and/or upgrades to the dam were performed periodically to meet ever-changing 
dam safety regulations: 

• immediately following the 1908 flood (repairing spillway, raising timber cribs, 
etc.); 

• in 1925 (installing sluice gates); 

• in 1967 (grouting timber crib section); 

• in 1972 (installing sheet piling along upstream face); 

• in 1981 (replacing spillway surface with reinforced concrete panels); and 

• in 1987-89 (replacing sluiceway with radial gated spillway, rehabilitating the 
divider block, constructing concrete cutoff walls along the right side of the 
forebay and upstream of the spillway and divider block, and installing post-
tensioned anchors in the crib spillway, intake and right abutment sections of the 
dam). 

The Milltown Dam is owned and operated as a hydroelectric generating facility by the MPC and 
is regulated by the Federal Energy Regulatory Commission (FERC) pursuant to a license issued 
on June 3, 1968, with an effective date of May 1965 for Project No. 2543.  This license has been 
extended through December 31, 2006 by FERC (issued September 18, 2000).  The terms of the 
license and obligations of MPC or any successor to the license (the “FERC License”) are 
discussed in Section 4.0.   

The Milltown Dam is operated as a run-of-the-river dam.  Run-of-the-river means that outflow 
from the dam equals inflow to the reservoir from the two rivers, to the extent possible.  The dam 
is presently comprised of five discrete sections with a total crest length of 668 feet.  These 
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include a 220-foot-long spillway section, a 54-foot-long radial gate section, a 26-foot-long 
divider block, the 126-foot-long intake/powerhouse structure, and the 244-foot-long non-
overflow right abutment.  Three of the sections; the spillway, radial gate, and powerhouse are 
capable of passing water under normal circumstances.  Each of these sections, however, has a 
different outlet elevation.  Along the full length of the spillway is a flashboard structure equipped 
with 44 five-foot wide by 8-foot high slide panel assemblies.  Each of the slide panels can be 
raised and lowered independently.  The panels allow the reservoir to rise to the normal pool level 
and provide control of spill over the spillway section of the dam.  The radial gate is 42.5 feet 
wide by 16.75 feet high.  Figures 1 through 6 in the Safety Analysis Report for Milltown Dam, 
(ARCO 1995b), present layout details of the dam and each of the five discrete sections. 

The dam has a baseline elevation of 3,220 feet amsl with a normal tail water elevation of 3,230 
feet amsl (at a flow rate of 3000 cfs).  Based on a normal operation pool elevation of 3,259.8 feet 
amsl, the total operating head is 29.8 feet. The spillway crest elevation is approximately 3265 
feet amsl (top of flashboards) or approximately 3251.4 feet amsl with the flashboards removed.  
The radial gate bottom crest elevation is approximately 3244.2 feet amsl.  The radial gate by 
itself has the spill capacity to pass low flows (i.e., up to 2000 cfs) while maintaining reservoir 
elevations of between approximately 3246 and 3250 feet amsl (or about 10 feet below normal 
pool level).  The powerhouse contains five Samson turbines driving horizontal generators with a 
total power capacity rating of 3,040 kW. 

MPC maintains written procedures to instruct employees on the proper methods of operations 
and maintenance of all facilities comprising the dam and reservoir.  Procedures for operating and 
maintaining the Milltown Dam and Reservoir address employee and public safety, power 
generation, facilities protection, recreation and environmental considerations. 

Prior to 1986, the Milltown Dam was equipped with Bear Trap gates that were tripped (let down) 
each year to pass spring runoff.  After runoff, the reservoir was dropped 7 to 8 feet to reset the 
tripped flashboard gates.  Deeper drawdowns of up to 22 feet were infrequently needed for 
inspection and maintenance of the dam structure.  Dam rehabilitation work completed between 
1986 and 1989 eliminated the need for annual reservoir drawdowns and restricted reservoir 
drafts to about 10 feet.  However, the reservoir may still be drafted 6 feet to reset tripped 
intermediate stanchions on the spillway.  The stanchions require tripping in emergency situations 
when the spillway panels cannot be expediently removed.  
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Currently, if reservoir drawdown is required (i.e., to 6 feet), the following operational measures 
are taken to minimize sediment loading to the downstream CFR (MPC 1993). 

1. The drawdown rate is limited to 1 foot/day when the reservoir water level 
elevations are between 3,260 and 3,256 feet amsl and 0.5 feet/day when reservoir 
elevations are less than 3,256 amsl.  These drawdown rates may be temporarily 
modified if emergencies beyond the licensee’s control arise.  

2. Upstream and downstream turbidity is monitored frequently during the drawdown 
operation.  After each incremental change in radial gate or spillway panel 
position, turbidity is measured downstream in the river at the location of the 
USGS gage on the CFR above Missoula.  If turbidity below Milltown Dam is 
greater than 25 nephelometric turbidity units (NTU) over an upstream reference 
measurement at Turah Bridge, the progress of the drawdown will be suspended 
until downstream turbidity returns to below 25 NTU of the Turah reference. 

3. Powerhouse generation flow (in addition to spill flow) is continued as long as 
possible in the drawdown operation. 

Operational procedures to be used during high flow events were developed in anticipation of 
high water conditions during spring runoff in 1997 (MPC 1997).  These procedures, which MPC 
also considers applicable for future ice scour events, include: 

1. Powerhouse generation flow is continued as long as possible (requires raking of 
intake screens). 

2. Debris is cleared off the dam as necessary. 

3. The radial gate is used to the extent possible to pass flow and debris. 

4. Spillway panels are removed to pass higher flows as the hydraulic capacity of the 
radial gate reaches about 50-75%  (5000-8000 cfs).  In order to draw trash toward 
the radial gate, panels nearest the radial gate are pulled first. 

5. Intermediate stanchions are not tripped unless absolutely necessary (i.e., to pass 
larger pieces of trash through the spillway that cannot be safely passed with the 
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available equipment or to increase the spillway capacity if the pond elevation is 
approaching the bridge supports for the spillway).  

The effect of the above drawdown, ice scour and high flow operational procedures on 
downstream water quality is discussed in Section 1.3.3. 

1.3.7 Previous Response Actions 

Two response actions have been completed at the MRSS site in advance of the final decision on 
remedial requirements.  These response actions, performed to protect human health and to allow 
for ongoing maintenance of the dam, include provision of a replacement water supply and 
construction of a repository for sediments excavated during dam maintenance activities.  The 
specific components of these previous response actions are discussed in the following 
paragraphs.   

In response to the 1981 observation of arsenic in four private Milltown drinking water wells the 
Montana Department of Health and Environmental Sciences (MDHES; now MDEQ) initiated 
studies to identify the source and extent of the arsenic and to make recommendations for 
placement of a new drinking water well.  Based on those findings, the Milltown community 
replacement water supply system was installed starting in 1984.  The system includes a 
replacement well and a distribution system, and supplies water to 35 homes and one commercial 
establishment in Milltown.  The approximate locations of the community replacement water 
supply well system are identified on Figure 1-7.  The Milltown Water Users Association 
(MWUA) operates and maintains the replacement water supply system.  The existing system has 
capacity for approximately 10 additional residential users if needed, and may accommodate more 
users with system upgrades.  In addition, funding is available for expansion to anticipated areas 
of development. 

In 1986, the Montana Power Company (MPC) was authorized by the Federal Energy Regulatory 
Commission (FERC) to perform rehabilitation work on the Milltown Reservoir dam as part of 
MPC's request for relicensing. The work occurred in two phases with rehabilitation of the 
spillway performed between August 1986 and April 1987.  While completing the remaining dam 
rehabilitation work between 1988 and 1990, MPC excavated approximately 14,500 cy of waste 
and debris.  This material included sediments from the reservoir and debris that contacted the 
sediments, such as timber, rock, steel, concrete and sandy gravels.  Test results of the material 
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indicated that all samples tested contained metals well below Extraction Procedure (EP) Toxicity 
test regulatory limits (ARCO, 1995a).  The Upland Disposal Site (UDS) was constructed 
adjacent to the reservoir outside of the 100-year floodway to store this material (see Figure 1-7 
for UDS location).  The UDS has an 80 mil high-density polyethylene (HDPE) bottom liner, a 
gravel and pipe drainage system, and a low-permeability soil cap.  The UDS cap is inspected 
semiannually and maintained as needed to assure proper functioning in accordance with the 
current MPC Operations and Maintenance Plan. 

1.3.8 Land Use 

Figure 1-7 summarizes current land use in the MRSS area.  Figure 1-7 also summarizes potential 
future water needs for areas that are within or adjacent to the arsenic plume.  These future water 
needs and how they might be addressed under groundwater institutional controls are discussed in 
more detail in Section 4.2.2.4. 

The area around the MRSS is located outside of Missoula's urban service area and consists of 
both zoned and unzoned land.  A majority of the developed land is zoned and the majority of the 
undeveloped land is unzoned.  Current landowners within the area of arsenic concentrations in 
groundwater exceeding 0.02 mg/l (plus a buffer zone as indicated on Figure 1-7), consist of 
MPC, Champion International, Town Pump, Inc., the interstate and railroad right-of ways, 35 
homeowners and one commercial establishment in Milltown.   

MPC’s property located to the north of the Milltown Dam, identified as Area G on Figure 1-7, is 
reserved for hydroelectric reservoir/recreational use.  The majority of MPC’s property is located 
within the floodplain upstream of the dam and is restricted by locally adopted floodplain 
regulations.  As stated in the regulations, no permanent structures may be placed in the 100-year 
floodway.  The entire reservoir basin and flat lands south of I-90 are located in the floodway, as 
are other areas adjacent to the Blackfoot and Clark Fork Rivers within the analysis area which 
are identified on Figure 1-7 as Area A.  

Two landfills are located within the site area and are identified on Figure 1-7 as Area C. 
Champion International Inc.’s former ash disposal landfill is located just beyond the 
downgradient extent of the arsenic plume area, and the UDS is located in the southern portion of 
the assessment area.  These areas are designated as locations which are for the impoundment and 
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storage of wastes; thus, future development is not reasonably anticipated and would most likely 
be restricted to prevent damage to landfill caps. 

An isolated parcel of undeveloped land, identified as Area H on Figure 1-7, is located 
immediately to the north west of the Champion ash landfill.  There are no known plans for 
development of this property.  Potential residential use in the future is considered unlikely given 
its industrial zoning (Figure 1-8) and proximity to the landfill and floodplain. 

Town Pump, Inc., which purchased the former Stimson Lumber Company timber office property 
located just north of I-90 (identified as Area I on Figure 1-7), has developed and is expanding a 
petroleum retailing station and truck stop on the land.  The interstate and railroad right-of-ways, 
identified as Area B on Figure 1-7, are not available for development as are two areas identified 
as Area D on Figure 1-7, which are adjacent to right-of-ways and floodways with no access. 

Area E, shown on Figure 1-7, represents a portion of Milltown containing the 35 homeowners 
and one commercial establishment in Milltown.  The adjacent land, Area F, is referred to as 
“Remainder D,” and may potentially be developed for residential use. 

Additional existing land use in the southeast and southwest portions of the reservoir area 
includes open space and residential use in the Bonner Junction Community.  Located northeast 
of I-90 are residential areas in the communities of Milltown, Bonner, Piltzville, West Riverside 
and Pine Grove.  The zoning designations for these areas are shown on Figure 1-8. 

The reservoir area currently supports a diverse ecosystem typical of riparian areas of western 
Montana.  Reservoir uses including boating, fishing, hunting and other recreational activities, are 
managed by the State of Montana.  

1.4 Baseline Risk Assessments 

The Baseline Risk Assessment for the MRSS is an integral part of the RI/FS process, as defined 
by CERCLA and the 1990 NCP [40 Code of Federal Regulations (C.F.R.) Part 300].  Completed 
between 1989 and 1993, the original Baseline Risk Assessment for Milltown Reservoir provided 
an evaluation to determine the human health and ecological risks associated with the MRSS 
based on the information available through 1993.  The original Baseline Risk Assessment was 
completed in three parts to assess: 1) human health risks associated with exposure to COCs in the 
reservoir sediments, site groundwater plume and/or biota; 2) ecological risks associated with 
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exposure to COCs in the reservoir sediments, surface water and/or biota; and 3) human health or 
ecological risks downstream of the reservoir associated with the continued scour/release of 
sediments from the reservoir.  

Recently EPA decided to perform additional evaluations of aquatic ecological risks in, and 
downstream of, the MRSS in the Addendum to the Baseline Ecological Risk Assessment (EPA 
2000c).  This decision was based on two factors: 

1. Additional water quality information from the February 1996 event. 

2. Additional biological and other data obtained from the ongoing MDEQ and 
USGS long-term monitoring studies and from other recent studies. 

Extensive analysis in the CFR Ecological Risk Assessment (EPA 1999a) of site-specific toxicity 
testing data obtained in support of ARCO’s Site Specific Water Quality Petition for the Upper 
CFR was used in the Addendum to the Baseline Ecological Risk Assessment to evaluate site-
specific risks to trout.  

1.4.1 Original Baseline Ecological Risk Assessment   

The original  Baseline Ecological Risk Assessment (BERA) was developed by Environmental 
Toxicology International Inc. for the MRSS to address current and potential risks to the health of 
fish and other wildlife that may be exposed to metal constituents in the reservoir. Information on 
potential impacts to ecological receptors will be subsequently used in risk management decisions 
for the Reservoir Sediments OU.   

Risk to the ecosystem components was characterized by combining results from an exposure 
assessment with chemical-specific toxicity information.  The exposure assessment identifies the 
potential receptor populations exposed to COC present in, or mobilized from, the MRSS, and 
determines the routes, magnitude, frequency, and duration of exposure to the COC.  An 
ecological assessment was then performed to determine whether the impacts predicted by the 
exposure and toxicity assessments were observable at the site. 

Ecological studies of terrestrial and aquatic habitats in the reservoir indicated that minimal risk to 
the environment was posed by the metals found in the reservoir sediments and no acute risks 
were identified (Environmental Toxicology International 1993a).  According to ecological 
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studies, the terrestrial and wetland wildlife are diverse and appear healthy.  As stated in the 
Baseline Ecological Risk Assessment, the ecological studies of site-wide terrestrial habitats 
"indicate a lack of observable impacts to terrestrial or aquatic communities, including vegetation, 
small mammals, muskrats and beaver, waterfowl, songbirds, and deer" (Environmental 
Toxicology International 1993b).  Visual observation indicated good species abundance of 
aquatic plants and amphibians, and healthy and diverse wetland habitats.  

Surface water toxicity tests yielded no acute effects to exposed amphibians (Environmental 
Toxicology International 1993a).  Ninety percent of the benthic macroinvertebrates (BMI) are 
pollution-tolerant species and do not appear to have decreased in abundance due to toxic effects. 

1.4.2 Addendum to Baseline Ecological Risk Assessment 

The Baseline Ecological Risk Assessment Addendum (BERAA) was developed by EPA  to 
assess the risks associated with rare events like the February 1996 ice-scour.  Risks to trout and 
the BMI  comprising the food of trout in the CFR below Milltown Dam were estimated using 
multiple lines of evidence including:  

• Hazard quotients (HQ) and hazard indices (HI) based on comparisons of concentrations 
of metals in water with site-specific toxicity reference values (TRVs) for trout and the 
Federal Ambient Water Quality Criteria (Federal AWQC)  for dissolved metals.  (HI are 
the sums of HQ for several metals or more than one type of exposure.) 

• HQ based on concentrations of metals in benthic invertebrates from the CFR and 
concentrations of metals in the diet of trout that cause little to no adverse effect. 

• HI based on combined effects from exposure of trout to contaminated water and diet. 

• HQ based on concentrations of metals in fine-grained bed sediment and concentrations in 
sediment that do not cause adverse effects. 

• The trout population estimates and experiments with caged trout discussed in Section 
1.3.5. 

• Results of annual monitoring of populations of BMI  discussed in Section 1.3.5. 

• Results of annual monitoring of periphyton. 



Draft Combined Feasibility Study  38  
  

H:\Projects\MILLTOWN\Combined FS\Oct 31 Submittal\PDF\Electronic files\text\Milltown Combined FS Oct 31 Submittal.doc 

 

During events such as the 1996 ice scour event and sediment release, COC concentrations 
exceed Federal AWQC and  copper may cause moderate acute risks to aquatic life from exposure 
to water below Milltown Dam. A similar event was known to have occurred in 1986.  Events 
such as these may impact the populations of trout below the dam and are viewed as unacceptable 
by EPA.  Below Milltown Dam, the number of trout greater than 8 inches in length was 62% 
lower in 1996 after the ice scouring event than in 1995 and the number of trout less than  8 
inches in length was 70 - 85% lower in 1996 than 1995 (Berg 1996).  A review of the available 
dissolved metals data indicates that an acute HI of greater than 1 for exposure to all dissolved 
metals occurred and dissolved copper Federal AWQCs were exceeded  during the 1996 ice 
scouring event.   

Normal high flow events may pose an intermittent low-level chronic risk (effects on growth 
caused by long-term exposure) to fish due to the combined impacts of copper and other metals in 
the water column, and copper in ingested macroinvertebrates. Any chronic effects would be less 
than those that occur at Turah Bridge even during high flow reservoir scouring events because of 
the dilution of metals by the Blackfoot River (BFR), and would primarily be caused by metals 
originating upstream from Milltown Reservoir rather than from Milltown Reservoir.  It is not 
known whether the  chronic effects below the dam are sufficient to contribute to the reduced 
populations of trout, which may be significantly impacted by other factors including degraded 
habitat and the lack of passage upstream at Milltown Dam.  State standards for total recoverable 
metals were exceeded frequently, but site-specific evidence such as macroinvertebrate 
population indices, levels of metals fine-grained bed sediment, absence of observable effects of 
metals in caged fish studies, and general trends in trout populations suggest that risks to aquatic 
life below the dam are low except when ice scouring or reservoir draw down result in extremely 
high total recoverable metals concentrations, particularly copper.  

Arsenic and cadmium in water pose no significant risks, and risks from lead and zinc are  low. 

There were no significant risks from exposure of BMI to metals in sediment downstream from 
Milltown Dam. 

The HQs calculated from exposure of fish to contaminated diets below Milltown Dam were 
below one, indicating no significant risk from that source. Concentrations of metals in 
invertebrates in 1996 (used to calculate the HQs) were somewhat higher than long-term trends 
for the CFR  below Missoula (below the Bitterroot River), possibly reflecting the greater fluxes 
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of metals during 1996.  Sampling of metals in macroinvertebrates below Milltown Dam did not 
begin until 1997. 

1.4.3 Baseline Human Health Risk Assessment  

The Baseline Human Health Risk Assessment for the MRSS was developed by EPA  to assess 
current and potential risks to human health.  The Baseline Human Health Risk Assessment 
identified potential COCs at the site, human populations at risk or potential risk, potential 
exposure pathways, and current and potential future risks to human health associated with the 
site.  Local residents, the EPA, the State of Montana, ARCO and the MCCHD also performed 
surveys and supplied information on potential exposure behaviors.  Where information was still 
incomplete after these efforts, conservative assumptions were used to quantify potential 
exposures so that risks to public health would not be underestimated. 

Potential risks at the site were assessed using standard EPA health risk assessment methods for 
residential and recreational use.  Standard health risk assessment methods include exposure 
assessment, toxicity assessment, and risk characterization.  The exposure assessment calculated a 
daily dose of arsenic and cadmium, per body weight, due to exposure to impacted soils, 
sediments, surface water, drinking water, game, and edible plants at the site.  Doses were 
calculated independently for each route of exposure and each population at risk, under average 
and reasonable maximum exposure for both current and future land-use conditions. The toxicity 
assessment examined the potential for each COC to cause adverse effects in exposed individuals 
and provided an estimate of the dose-response relationship between the extent of exposure to a 
particular constituent and adverse effects including non-carcinogenic and carcinogenic outcomes.  
In the risk characterization, chemical exposure estimates were combined with TRVs to develop 
quantitative cancer and non-cancer health risk estimates for exposure to chemicals associated 
with the MRSS. 

Non-carcinogenic and carcinogenic risks within the MRSS were estimated to be highest for 
ingestion of impacted groundwater.  These risks were found to be unacceptable.  Other exposure 
pathways for humans are not considered to be significant.  As stated in the Baseline Human 
Health Risk Assessment (Environmental Toxicology International 1993b), non-cancer and 
cancer risks associated with exposure to arsenic and metals-contaminated reservoir sediments 
through ingestion of garden produce grown in sediments or through recreational activities in the 
reservoir area are not of concern. 
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The baseline risk assessment concluded that potential cancer risks associated with drinking 
groundwater from within the area with arsenic concentrations exceeding 0.050 mg/l could 
exceed 1 chance in 100 (a 10-2 risk).  Estimates of non-carcinogenic risks due to incidental 
ingestion of soil and sediments slightly exceeded the EPA level of concern only for a highly 
conservative future scenario where exposures were primarily limited to an area of high arsenic 
concentrations.  Under the same exposure scenario, cancer risks also slightly exceeded the 
minimally acceptable risk of 1 x 10-4 for average exposures for the future exposure scenario of 
shoreline residents.  The analysis of a potential detoxification threshold for ingestion of arsenic 
suggested that long-term exposures at the site, other than through consumption of impacted 
groundwater, would not be associated with a greatly increased non-cancer and cancer risk 
(Environmental Toxicology International, Inc. 1993b).   

Current potential receptors within the area of impacted groundwater already have been identified 
and have been provided with replacement water supplies by the EPA in a prior response action.  
As described in Section 1.3.7, a replacement water supply system was installed starting in 1984. 

1.4.4 Continued Releases Risk Assessment   

Evaluations completed as part of the Continued Releases Risk Assessment found that 
concentrations of arsenic and metals in downstream surface waters and sediments are lower than 
typical concentrations for Milltown Reservoir.  Human health risks from exposures to current 
concentrations of arsenic in downstream surface waters and sediments are estimated to be low 
and are at, or below, those calculated for Milltown Reservoir.  Health risks from drinking 
groundwater impacted with metals from historical deposits of mining waste-related sediments 
deposited in old channels downstream of the reservoir are low.  No risk to terrestrial receptors 
has been predicted and no health risks have been determined for children or adults from surface 
water ingestion (Environmental Toxicology International 1994). 

The Continued Releases Risk Assessment report also concluded that downstream transport of 
contamination released from the reservoir represents an insignificant risk to human health even 
in the face of a catastrophic dam failure event .  However, the EPA believes that a catastrophic 
dam failure and the resulting sediment release would pose a significant risk to aquatic life 
downstream of the reservoir. 
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2.0 REMEDIAL ACTION OBJECTIVES 

The EPA developed RAOs and preliminary remedial action goals (PRAGs) for groundwater, 
surface water, sediment and soils for the MRSS prior to preparation of the 1996 FS.  The RAOs 
and PRAGs,  developed for the 1996 FS, are provided in Sections 2.1 through 2.3.2.  Pursuant to 
EPA’s direction, the RAO’s/RAG’s provided by EPA for the 1996 FS were revised for changes 
in state regulations and standards that have occurred since they were originally developed. 

Subsequent to preparation of the 1996 FS, EPA and the State of Montana provided the following 
additional RAOs specific to the FFS (EPA 1997b). 

1. Mitigate risks to aquatic life downstream of Milltown Reservoir by reducing all 
discharges of dissolved copper and zinc from the reservoir to below the Clark 
Fork River toxicity reference values (TRVs) and Federal Ambient Water Quality 
Criteria (Federal AWQC). 

2. Eliminate or reduce the release of contaminated sediments from Milltown 
Reservoir to the CFR caused by rapid drops in reservoir pool level, high flows 
and/or ice scour. 

3. Meet the state ARARs (WQB-7 standards) for protection of aquatic life below 
Milltown Dam. 

4. Protect  wetlands through avoidance of loss or replacement of wetlands in 
accordance with the no net loss policy and the wetlands ARARs. 

In addition detailed PRAOs have been developed for the CFROU FS,  (EPA 2000a).  EPA has 
directed that Milltown CFS evaluations consider applicable PRAOs from the CFROU where 
appropriate.  CFROU PRAOs are provided in Appendix B1. 

2.1 Groundwater 

2.1.1 Remedial Action Objectives Overview 

The remedial action objective for contaminated groundwater is to return groundwater to its 
beneficial use within a reasonable time frame, where practicable.  The beneficial use of 
groundwater for the Milltown alluvial aquifer is for drinking water because the aquifer water is 
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of sufficient quality for drinking water based on state groundwater classification and historical 
use of the aquifer for drinking water purposes. 

If restoration to beneficial use is not practicable, the EPA expects to limit groundwater 
contamination within a to-be-determined boundary, prevent further migration of the arsenic in 
groundwater and prevent exposure to the contaminated groundwater. 

The NCP [40 CFR § 300.430(e)(2)(i)(B) and (C)] specifies the SDWA primary MCLs and 
nonzero Maximum Contaminant Level Goals (MCLGs), and state groundwater standards as 
ARARs for arsenic present in the groundwater at Milltown.  The current federal standard for 
arsenic is 50 micrograms per liter (µg/l) and the current state groundwater standard is 20 µg/l. 

2.1.2 Preliminary Remedial Action Goals 

1. Restore contaminated aquifer for use as a drinking water supply through remediation to 
compliance with ARARs. 

PRAGs: arsenic MCLs, MCLGs, Circular WQB-7 standards 

      2. Prevent contaminated groundwater from spreading and affecting the Missoula Sole 
Source Aquifer. 

PRAGs: arsenic MCLs, MCLGs, non-degradation, Circular WQB-7 standards 

      3. Prevent groundwater recharge to surface waters (Clark Fork River) that would cause 
unacceptable degradation of the surface water. 

PRAGs: arsenic MCLs, MCLGs, non-degradation, Circular WQB-7 standards 

      4. Prevent ingestion of groundwater posing an unacceptable health risk during groundwater 
remediation, or permanently if cleanup standards are waived.  Ensure availability and 
access to an acceptable replacement water system through continued operation and 
maintenance of the replacement water system and installation of an adequate backup 
water supply. 

PRAGs: arsenic MCLs, MCLGs 
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2.2 Surface Water 

2.2.1 Remedial Action Objectives Overview 

Montana has classified the Clark Fork River at Milltown as a B-1 classification.  Surface water 
quality will be maintained to support these uses defined as follows (ARM § 17.30.607): 

Waters classified B-1 are suitable for drinking, culinary and food processing purposes, and after 
conventional treatment; bathing, swimming, and recreation; growth and propagation of salmonid 
fishes and associated aquatic life, waterfowl and furbearers; and agricultural and industrial water 
supply. 

The SDWA establishes MCLs and MCLGs for drinking water sources.  The appropriate SDWA 
standards for contaminants of concern for surface waters at Milltown are shown below: 

 

Arsenic 0.05 mg/l 

Cadmium 0.005 mg/l 

Copper 1.3 mg/l 

 

Through administrative rule making, the MDHES (now MDEQ) has adopted the Montana 
Numerical Water Quality Standards Circular WQB-7.  Water quality standards for surface water 
are designated as the more restrictive of either the Aquatic Life Standard or the Human Health 
Standard.  The current standards for contaminants of concern are listed as follows: 
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 Acute Chronic Health 

Arsenic 340 µg/l 150 µg/l 18 µg/l 

Cadmium 4.5 µg/l* 2.5 µg/l* 5 µg/l 

Copper 14 µg/l* 9.3 µg/l* 1,000 µg/l 

Lead 81.6 ug/l* 3.2 ug/l* 15 ug/l 

Zinc 120 µg/l* 120 µg/l* 5,000 µg/l 

* Assumes @100 mg/l hardness; standard is based on actual measured 
hardness at time of sampling. 

2.2.2 Preliminary Remedial Action Goals 

1. Ensure compliance with surface water standards within and below the reservoir. 

PRAGs: MCLs, MCLGs, Ambient Water Quality Criteria, Circular WQB-7 

2. Prevent ingestion of or direct contact with water posing an unacceptable health risk. 

PRAGs: MCLs, MCLGs, Ambient Water Quality Criteria, Circular WQB-7 

3. Prevent contaminated surface water from causing unacceptable degradation of other 
surface waters. 

 PRAGs: non-degradation, Ambient Water Quality Criteria, MCLs, MCLGs, 
Circular WQB-7. 

2.3 Sediments and Soils 

2.3.1 Remedial Action Objectives Overview 

The EPA Milltown Reservoir Sediments Human Health Baseline Risk Assessment and the 
Ecological Baseline Risk Assessment determined that there are no significant risks posed to 
either humans or ecological receptors from direct exposure or ingestion of sediments or soils 
from the MRSS.  The Continued Releases Baseline Risk Assessment and the Milltown Reservoir 
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Sediments RI Report document potential aquatic life risks and current and continuing 
groundwater degradation. 

2.3.2 Preliminary Remedial Action Goals 

1. Prevent releases from soil or sediment that would cause unacceptable degradation of 
groundwater. 

PRAGs: non-degradation, MCLs, MCLGs 

2. Prevent releases from soil or sediment which would cause unacceptable degradation of 
surface waters within and downstream of the reservoir. 

PRAGs: non-degradation, Ambient Water Quality Criteria, MCLs, MCLGs, 
Circular WQB-7 

3. If soils are excavated, prevent exposure to contaminated soils and sediments for future 
uses. 

PRAGs: Solid Waste Disposal Regulations 

4. Ensure the continued protection of the environment in the reservoir from exposure to, or 
releases of, contaminated soils and sediments. 

PRAGs: Ambient Water Quality Criteria, Circular WQB-7 

5. If contaminated material is left in the reservoir, ensure the long-term effectiveness of the 
Milltown Dam in retaining the contamination from catastrophic release. 

PRAGs: FERC dam safety criteria and standards, appropriate Montana State dam 
safety standards 

6. Ensure the continued protection of human health and the environment, as well as 
compliance with ARARs standards, for the Upland Disposal Site (UDS). 

PRAGs: FERC requirements, Solid Waste Disposal Regulations
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3.0 SUMMARY OF APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS 

Section 121(d) of CERCLA, as amended by the Superfund Amendments and Reauthorization 
Act (SARA), requires that remedial actions attain a degree of cleanup that ensures protection of 
human health and the environment.  Section 121(d) also requires remedial actions to comply 
with ARARs. Sections 3.1 and 3.2 and Appendix B2 provide additional discussion on the 
definition of ARARs and the specific ARARs identified for the MRSS.  In certain circumstances 
an ARAR may be waived at a site.  The conditions required for waiver of an ARAR, and how 
these conditions may be applicable to the MRSS, are described in Section 3.3. 

3.1 Definition of ARARS 

A requirement under federal and state environmental laws may be either "applicable" or 
"relevant and appropriate.”  The terms "applicable requirements" and "relevant and appropriate 
requirements" are defined in the NCP (Section 300.5) as follows: 

"Applicable requirements means those cleanup standards, standards of control and other 
substantive environmental protection requirements, criteria, or limitations promulgated 
under federal environmental or state environmental or facility siting laws that specifically 
address a hazardous substance, pollutant, contaminant, remedial action, location, or other 
circumstance at a CERCLA site.  Only those state standards that are identified by a state 
in a timely manner and are more stringent than federal requirements may be applicable." 

"Relevant and appropriate requirements means those cleanup standards, standards of 
control and other substantive environmental protection requirements, criteria, or 
limitations promulgated under federal environmental or state environmental or facility 
siting laws that while not 'applicable' to a hazardous substance, pollutant, contaminant, 
remedial action, location, or other circumstance at a CERCLA site, address problems or 
situations sufficiently similar to those encountered at the CERCLA site that their use is 
suited to the particular site.  Only those state standards that are identified by a state in a 
timely manner and are more stringent than federal requirements are relevant and 
appropriate." 
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There are three types of ARARs: contaminant-, action- and location-specific. Contaminant-
specific ARARs are health-risk or ecological-risk based concentration limits for contaminants.  
These values establish the allowable amount or concentration of a chemical that may be found in, 
or discharged to, the environment.  Action-specific ARARs are technology-based requirements 
that are prompted by the type of remedial action under consideration.  Location-specific ARARs 
are restrictions placed on the remedial action solely based upon location of the site (i.e., in a 
wetlands, flood plain, or historic site area). 

3.2 Identification of ARARS 

Contaminant-specific, location-specific, and action-specific ARARs that have been identified by 
the EPA and MDEQ for the MRSS are provided in Appendix B2 and summarized in Table 3-1. 

3.3 CERCLA Waiver Criteria for ARARS 

CERCLA Section 121 provides that under certain circumstances an ARAR may be waived.  
These waivers apply only to meeting ARARs with respect to remedial actions on-site; other 
statutory requirements, such as remedies that are protective of human health and the environment 
cannot be waived.  A waiver must be invoked for each ARAR that will not be attained or 
exceeded.  The waivers provided by CERCLA Section 121(d)(4) are as follows: 

“(4) The President may select a remedial action meeting the requirements of paragraph (1) that 
does not attain a level or standard of control at least equivalent to a legally applicable or relevant 
and appropriate standard, requirement, criteria, or limitation as required by paragraph (2) 
(including paragraph (b) thereof), if the President finds that –  

(A) the remedial action selected is only part of a total remedial action that will attain such 
level or standard of control when completed; 

(B) compliance with such requirement at that facility will result in greater risk to human 
health and the environment than alternative options; 

(C) compliance with such requirements is technically impracticable from an engineering 
standpoint; 
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(D) the remedial action selected will attain a standard of performance that is equivalent to 
that required under the otherwise applicable standard, requirement, criteria, or 
limitation, through use of another method or approach; 

(E) with respect to a State standard, requirement, criteria, or limitation, the State has not 
consistently applied (or demonstrated the intention to consistently apply) the 
standard, requirement, criteria or limitation in similar circumstances at other remedial 
actions within the State; or 

(F) in the case of a remedial action to be undertaken solely under section 104 using the 
Fund, selection of a remedial action that attains such level or standard of control will 
not provide a balance between the need for protection of public health and welfare 
and the environment at the facility under consideration, and the availability of 
amounts from the Fund to respond to other sites which present or may present a 
threat to public health or welfare or the environment, taking into consideration the 
relative immediacy of such threats. 

The President shall publish such findings, together with an explanation and the 
appropriate documentation.” 

The ability to achieve the identified ARARs, and the potential need of/basis for an ARARs 
waiver, are discussed under the Compliance with ARARs Criteria for each of the CFS 
alternatives in Section 5 - Detailed Analysis of Alternatives. 
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4.0 IDENTIFICATION OF ALTERNATIVES 

4.1 Basis for Development of Alternatives 

Identification and screening of CFS alternatives uses information from previous technology 
scoping and alternative identification, screening and evaluation work.  This previous work is 
summarized in Sections 4.1.1 to provide the background and basis for CFS alternative 
identification and screening in Section 4.1.2. 

4.1.1 Summary of Previous Treatment Technology Scoping and Alternative Identification 
and Screening 

Technology scoping and alternative identification and screening has been ongoing at the MRSS 
since the inception of the RI.  The results of this previous work are summarized in the following 
paragraphs. 

General Response Action, Technology and Process Option Identification and Screening 

Remedial action treatment technologies and alternatives for the MRSS were originally identified 
at a November 30, 1990 scoping meeting and developed by ARCO (now AERL), the EPA and 
MDHES (now MDEQ).  Table 4-1 presents a summary of the technology process options that 
were identified as potentially applicable for each alternative.  The initial analysis identified a set 
of 19 remedial action alternatives designed to address the conditions of the site as a whole by 
combining the various individual alternatives and technology options.  The results of the analysis 
were formalized and are presented in the Scoping of Alternatives Summary Report (ENSR, 
1991). The report was submitted in compliance with Section 5.3 Task 12.0 of the Remedial 
Alternatives Screening, FS Work Plan, and in accordance with a letter agreement between 
ARCO and EPA that amends the work plan.  The report identifies and develops remedial action 
alternatives and provides general information on each alternative's technical feasibility and 
implementability. 

The 19 remedial action alternatives outlined in the Scoping of Alternatives Summary Report, 
along with four new alternatives [added during the July 26, 1994 meeting of ARCO, EPA, 
MDHES and the Milltown Technical Assistance Committee (MTAC)], and one additional 
alternative (suggested by the MCCHD on March 10, 1995) were evaluated and screened to select 
alternatives most appropriate to be retained for detailed analysis.  The results of the alternative 
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screening evaluation and details of the selection process for retaining alternatives are 
summarized in the Draft Final Screening of Alternatives Summary Report (ARCO, 1995a) and 
the Addendum to the Draft Final Screening of Alternatives Summary Report (ARCO, 1995b). 

The alternative screening was performed by evaluating short- and long-term effectiveness, 
implementability, and cost of the potential remedial alternatives at the site in accordance with 40 
CFR § 300.430(e)(7).  Table 4-2 summarizes the relative performance of the remedial 
alternatives against the screening criteria.  The full range of alternatives, from no action to total 
removal of contaminants with off-site disposal, was considered during the alternative screening 
process. 

Original Draft FS Alternative Identification 

Based on the screening evaluation, seven of the 24 alternatives were retained for detailed 
analysis in the 1996 FS (AERL, 1996).  These alternatives were: 

• Alternative 1 - No Action; 

• Alternative 2 - ICs and Groundwater Natural Attenuation; 

• Alternative 3 - ICs, Sediment Removal and Disposal and Groundwater Natural 
Attenuation (Alternative #20 in Screening Report); 

• Alternative 4 - ICs, Sediment Removal and Disposal and Groundwater 
Extraction/Treatment (Alternative #21 in Screening Report); 

• Alternative 5 - ICs, Groundwater Containment and Groundwater Natural Attenuation 
(Alternative #22 in Screening Report); 

• Alternative 6 - ICs, Groundwater Containment and Groundwater 
Extraction/Treatment (Alternative #23 in Screening Report); and 

• Alternative 7 - ICs and Sediment Pore Water Extraction and Treatment (Alternative 
#24 in Screening Report). 
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An additional alternative was proposed by the MTAC in November 1995, to be retained along 
with the above listed seven alternatives for detailed analysis.  The eighth remediation alternative 
was: 

• Alternative 8 - ICs, Groundwater Containment, In-Situ Sediment/Alluvium Flushing, 
and Sediment/Alluvium Groundwater Extraction/Treatment (previously Alternative 
#25). 

The EPA agreed to evaluate the MTAC alternative, resulting in a total of eight alternatives 
retained for detailed analysis in this report.  Detailed descriptions of the retained original FS 
alternatives along with the results of the detailed analysis of these alternatives are provided in 
ARCO, 1996. 

Table 4-3 provides a summary of the relative performance of the 1996 FS alternatives against 
EPA’s FS evaluation criteria.  Alternative 2 (i.e., groundwater natural attenuation combined with 
the following ICs  and additional measures: maintaining the existing replacement water supplies, 
providing additional replacement water supplies if needed, controlling reservoir levels, 
maintaining Milltown Dam and conducting a long-term monitoring plan) received the highest 
rating in the 1996 FS's comparative analysis of the eight alternatives (ARCO 1996), when all of 
the seven criteria are weighted equally.  However, in the proposed plan and remedy selection 
process, EPA may weight different factors differently – see 55 FR 8719 and 55 FR 8724-8726, 
which discuss the importance of the threshold criteria and cost-effectiveness as well as the 
reduction of toxicity, mobility or volume through treatment, and the long-term effectiveness and 
permanence criteria. 

FFS Alternative Identification 

In early 1997, EPA requested that ARCO initiate an FFS to augment the 1996 FS.  This request 
was based on additional information obtained during an ice jam event that occurred in February 
1996 which, according to EPA, “demonstrated potential releases of hazardous substances from 
the Milltown Reservoir during ice scouring and high flow conditions at much higher 
concentration than EPA expected or predicted” (EPA 1997). 

In response to EPA’s request, ARCO developed a work plan outlining the specific components 
to be included in the FFS (ARCO 1997).  The work plan identified seven alternatives (including 
the No Further Action) for detailed and comparative analysis.  In June of 1997, ARCO submitted 
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a summary of the seven proposed alternatives to the Agencies for review and discussion (TDH 
1997).  In the fall of 1998, at the request of EPA and Missoula County, ARCO completed a 
technical memorandum, which provided technical evaluations of two additional alternatives, 
both of which included removal of the Milltown Dam.  In response to the technical 
memorandum, EPA requested that the evaluation of the two dam removal alternatives be 
incorporated into the FFS.  Subsequently, at a November 17, 1998 meeting, the proposed 
alternatives (including the dam removal alternatives) were formalized and consolidated into 
seven alternatives to be retained for detailed analysis in the FFS. 

AERL submitted the initial four sections (through development of alternatives) of a draft FFS to 
EPA in June 1999 summarizing these seven alternatives.  Further modifications were made to the 
FFS alternatives based on comments from EPA on the June 1999 report and additional input 
received from EPA, MDEQ, Missoula County, and others through a series of working meetings 
in the spring and summer of 2000.  At a July 14, 2000 meeting with the agencies, AERL 
presented detailed descriptions for a total of ten alternatives that were to be retained for the 
detailed analysis in the FSS.  These alternatives were subsequently approved by EPA for use in 
the FFS detailed analysis and include: 

• Alternative 1 – No Further Action 

• Alternative 2A – Modification of Dam and Operational Practices 

• Alternative 3A – Modification of Dam and Operational Practices with Erosion/Scour 
Protection 

• Alternative 3B – Modification of Dam and Operational Practices with Channelization  

• Alternative 4 – Modification of Dam and Operational Practices with Periodic Sediment 
Removal  

• Alternative 5 – Dam Removal, Partial Sediment Removal with Channelization and 
Leachate Collection/Treatment 

• Alternative 6A – Modification of the Dam and Operational Practices with Total Sediment 
Removal of the Lower Reservoir Area 
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• Alternative 6B – Modification of the Dam and Operational Practices with Total Sediment 
Removal of the Entire 

• Alternative 7A – Dam Removal and Total Sediment Removal of the Lower Reservoir 
Area 

• Alternative 7B – Dam Removal and Total Sediment Removal of the Entire Reservoir 
Area 

Detailed descriptions of the above FFS alternatives along with the results of the detailed analysis 
of these alternatives are provided in the Final FFS Report (AERL, 2001).  Table 4-4 provides a 
summary of the relative performance of the FFS alternatives against EPA’s FS evaluation 
criteria.   Alternative 2 (i.e., modification of Dam and Operational Practices) received the highest 
rating in the FFS's comparative analysis (AERL 2001), when all of the seven criteria are 
weighted equally.  However, as noted above, EPA may weight different factors differently in the 
proposed plan and remedy selection process. 

4.1.2 Alternative Identification and Screening for the Combined FS 

Alternative identification and screening for the CFS builds upon the previous technology-
scoping and alternative-screening work described above.  Only technologies, process options and 
alternative components that survived previous screening and were incorporated into the original 
FS or the FFS alternatives are further considered in the CFS alternatives.   As described in this 
section technologies, options and components from the 10 FFS alternatives are combined with 
components from the eight 1996 FS alternatives to develop a range of comprehensive 
alternatives that address both the potential for sediment scour/surface water quality impacts (that 
were the focus of the FFS alternatives) and the contaminated groundwater plume/potential for 
human health risks (that were the focus of the 1996 FS).  The identified comprehensive 
alternatives are then screened to determine the alternatives to be retained for the CFS. 

The following items were considered in combining FFS and 1996 FS alternative components 
into CFS alternatives: 

• The 1996 FS and FFS alternative components were combined so that, with the exception 
of no action, each CFS alternative had components that address potential risks related to 
sediment scour and contaminated groundwater.  
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• The pre-screening list of CFS Alternatives was developed so that each FFS and 1996 FS 
alternative/technology was included in at least one CFS Alternative. 

• Where possible alternatives were created that consolidated FFS and 1996 FS alternatives 
with common components such as the no action, the institutional controls and the 
sediment removal alternatives from each document. 

• Technologies/options from the FFS and 1996 FS alternatives were combined so that the 
alternative components supplement, rather than duplicate the effectiveness of each. 

Screening of CFS Alternatives was based largely on the performance of the alternative 
components against the EPA’s alternative screening criteria [as discussed in 40 CFR § 
300.430(e)(7) the short- and long-term aspects of these evaluation criteria are to be used to 
guide the development and screening of remedial alternatives].  Some alternatives, which may 
appear to be less promising based on the screening criteria, may be retained to provide a broader 
range of alternatives for detailed analysis.  Alternatively, an alternative that scores higher than 
other alternatives may not have been retained if it is similar to a more technically sound 
alternative that is retained. 

Using the above considerations a total of 16 CFS Alternatives were identified for screening to 
determine which alternatives are to be retained for detailed analysis.  Initially AERL presented a 
screening memo to EPA identifying 9 alternatives to be retained for detailed analysis.  EPA 
subsequently provided comments on the AERL screening memo (EPA 2001) directing AERL to 
retain two of the alternatives that AERL had proposed screening out.  The 10 alternatives 
identified by EPA to be retained and the rational for screening out the alternatives that were not 
retained for detailed analysis in the CFS include: 

1. No Further Action (combines the components of the no further action alternatives 
developed for the 1996 FS and the FFS).  Retained - including a “No Action” 
Alternative in the detailed analysis is required under NCP. 

2. Modification of Dam and Operational Practices plus Groundwater ICs (combines the 
components of 1996 FS Alternative 2 with FFS Alternative 2).  Retained 

3. Modification of Dam and Operational Practices plus Groundwater ICs and Containment 
(combines the components of 1996 FS Alternative 5 with FFS Alternative 2).  Retained 
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4. Modification of Dam and Operational Practices plus Groundwater ICs, Containment and 
Extraction/Treatment (combines the components of 1996 FS Alternative 6 with FFS 
Alternative 2).  Not retained – the prolific aquifer and impracticability of effective 
capture make groundwater extraction/treatment non cost-effective. 

5. Modification of Dam and Operational Practices plus Groundwater ICs, Containment, 
Sediment/Alluvium Groundwater Extraction/Treatment and In-situ Sediment/Alluvium 
Flushing (combines the components of 1996 FS Alternative 8 with FFS Alternative 2).   
Not retained – the technical impracticability of effectively circulating chemicals to 
obtain complete flushing (due to low sediment hydraulic conductivity and 
constraints on accessing submerged sediments) and potential for incomplete 
capture/release of metals mobilized during flushing result in low effectiveness and 
implementability for in-situ sediment/alluvium flushing. 

6. Modification of Dam and Operational Practices with Erosion/Scour Protection plus 
Groundwater ICs (combines the components of 1996 FS Alternative 2 with FFS 
Alternative 3A).  Retained 

7. Modification of Dam and Operational Practices with Channelization plus Groundwater 
ICs and Containment (combines the components of 1996 FS Alternative 2 with FFS 
Alternative 3B).  Retained 

8. Modification of Dam and Operational Practices with Channelization plus Groundwater 
ICs and Sediment Pore Water Extraction/Treatment (combines the components of 1996 
FS Alternative 7 with FFS Alternative 3B).  Not retained - the technical 
impracticability of effectively capturing and extracting pore water from the 
sediments (due to low sediment hydraulic conductivity and constraints on accessing 
submerged sediments) and potential for destabilizing sediment geochemistry result 
in low effectiveness and implementability for sediment pore water 
extraction/treatment. 

9. Modification of Dam and Operational Practices with Periodic Sediment Removal plus 
Groundwater ICs (combines the components of 1996 FS Alternative 2 with FFS 
Alternative 4).  Not Retained – completing periodic removals of the frequency 
required to maintain a small sedimentation basin would result in generating 
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recurring impacts from dredging while removing the small area of sediments 
targeted under this alternative would not address the source of the groundwater 
arsenic plume.    

10. Dam Removal, Partial Sediment Removal with Channelization and Leachate 
Collection/Treatment plus Groundwater ICs (combines the components of 1996 FS 
Alternative 2 with FFS Alternative 5).  Retained 

11. Modification of the Dam and Operational Practices with Total Sediment Removal of the 
Lower Reservoir Area plus Groundwater ICs (combines the components of 1996 FS 
Alternative 3 with FFS Alternative 6A; removal extent/volume would be based on FFS 
6A’s removal which encompasses but is slightly larger than the 1996 FS Alternative 3’s 
source sediment removal area).  Retained 

12. Modification of the Dam and Operational Practices with Total Sediment Removal of the 
Lower Reservoir Area plus Groundwater ICs and Extraction/Treatment (combines the 
components of 1996 FS Alternative 4 with FFS Alternative 6A; removal extent/volume 
would be based on FFS 6A’s removal which encompasses but is slightly larger than the 
1996 FS Alternative 4’s source sediment removal area).  Not retained – the prolific 
aquifer and impracticability of effective capture make groundwater 
extraction/treatment non cost-effective. 

13. Modification of the Dam and Operational Practices with Total Sediment Removal of the 
Entire Reservoir plus Groundwater ICs and Natural Attenuation (combines the 
components of 1996 FS Alternative 3 with FFS Alternative 6B; removal extent/volume 
would be based on FFS 6B’s removal which is significantly larger than the 1996 FS 
Alternative 3’s source sediment removal area).  Retained 

14. Dam Removal and Total Sediment Removal of the Lower Reservoir Area plus 
Groundwater ICs (combines the components of 1996 FS Alternative 3 with FFS 
Alternative 7A; removal extent/volume would be based on FFS 7A’s removal which 
encompasses but is slightly larger than the 1996 FS Alternative 3’s source sediment 
removal area).  Retained 

15. Dam Removal and Total Sediment Removal of the Lower Reservoir Area plus 
Groundwater ICs and Extraction/Treatment (combines the components of 1996 FS 
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Alternative 4 with FFS Alternative 7A; removal extent/volume would be based on FFS 
7A’s removal which encompasses but is slightly larger than the 1996 FS Alternative 4’s 
source sediment removal area).  Not retained – the prolific aquifer and 
impracticability of effective capture make groundwater extraction/treatment non 
cost-effective. 

16. Dam Removal and Total Sediment Removal of the Entire Reservoir Area plus 
Groundwater ICs (combines the components of 1996 FS Alternative 4 with FFS 
Alternative 7B; removal extent/volume would be based on FFS 7B’s removal which is 
significantly larger than the 1996 FS Alternative 3’s source sediment removal area).  
Retained  

4.2 Description of Alternatives 

The ten remedial alternatives retained for detailed evaluation in the FS are summarized in Table 
4-5 and presented in sections 4.2.1 through 4.2.10.  These sections and accompanying tables, 
figures and appendices provide a description for each of the alternatives.  Note, in order to 
maintain consistency with the Alternative numbering designation used in the FFS, there is no 
CFS Alternative 4. 

4.2.1 Alternative 1 – No Further Action 

The No Further Action Alternative involves no further engineering options or ICs/additional 
measures at the MRSS beyond those that are currently in place.  This alternative provides the 
baseline conditions against which the other remedial alternatives are evaluated.  The No Further 
Action Alternative relies on the environment and existing controls to maintain or reduce metal 
concentrations through physical and chemical processes. 

The No Further Action Alternative includes previous remedial activities completed at the MRSS, 
including existing ICs/additional measures and completed remedial actions, such as the Milltown 
Water Users Association replacement water supply.  Long-term ground and surface water 
monitoring is also included in the No Further Action Alternative.  Since implementation, these 
actions have provided protection against an unacceptable human health risk from ingestion of 
groundwater.   
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The No Further Action Alternative presumes some remedial activities will be completed 
upstream of the MRSS on the CFR.  It is also presumed that the majority of these remediation 
activities will be performed in the most upstream reach of the CFR (i.e., the Deer Lodge Valley 
Reach) and will likely not be fully implemented for a period of at least 10 to 20 years.  As 
discussed in Section 1.3.4.1, upstream remedial actions are not anticipated to result in significant 
reductions in metals loading at the CFR Turah gage.  Therefore, for the purpose of evaluating 
effectiveness and ARARs compliance under the No Further Action and the other FFS 
alternatives, current loading conditions at Turah are assumed to continue for the foreseeable 
future. 

The No Further Action Alternative also presumes that the Milltown Dam will continue to be 
regulated under the FERC License (Project No. 2543).  MPC or its successor, as the FERC 
Licensee and owner of the property, is required to satisfy all present and future obligations, terms 
and conditions of the license.  The obligations are summarized below. 

4.2.1.1 Institutional Controls and Additional Measures Including FERC Requirements for 
Fish Passage and Dam Safety Upgrades 

Several ICs and additional measures are currently in place.  These include a number of public 
land use controls such as the Missoula County land use plans, floodplain and subdivision 
regulations, zoning, county development regulations pertaining to service extensions, and the  
Missoula Valley Water Quality  Ordinance.    

Boating restrictions are currently in place for Milltown Reservoir.  A no wake zone, which helps 
reduce bank erosion from wakes created by motorized craft, is in effect within the reservoir and 
from Highway 93 bridge on the BFR reach to the old railroad bridge (Duck Bridge). 

Other  ICs and additional measures include procedures and requirements relating to operation 
and long-term maintenance and safety of the dam and reservoir, and provisions for fish passage 
around the dam.  The existing private land access and use restrictions are focused on controlling 
land development and land use in the area.  The existing operation controls and procedures 
specific to reservoir drawdown and high flow/ice scour events were identified in Section 1.3.2.   

As noted, the FERC License (Project No. 2543) imposes certain obligations upon the licensee.  
The license obligations generally include the following: 
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• Compliance with all applicable federal and state dam safety requirements. 

• Compliance with all federal and state requirements for the ongoing operation and 
maintenance of a hydroelectric facility, including the operation controls and 
procedures specific to reservoir drawdown and high flow/ice scour events which were 
identified in Section 1.3.2. 

• Consult and cooperate with federal, state and local agencies in the development of the 
project recreation resources to provide for optimum public utilization of the project 
area including provisions for, and maintenance of, public access to the tailwater. 

• Obtain and retain title in fee or the right to use in perpetuity all lands, other than lands 
of the United States, necessary or appropriate for the maintenance and operation of 
the project. 

• Construct, maintain and operate all facilities for the conservation and development of 
fish and wildlife resources, as required by FERC, the Department of the Interior and 
the MFWP  or other federal or state agency with jurisdiction.  The licensee is 
generally required to assess and mitigate fish impacts resulting from operation of the 
project. 

• Construct, maintain and operate all recreational facilities including amenities and 
related improvements such as access roads, boat launching ramps, beaches, picnic and 
camping areas, sanitary facilities and utilities as required. 

• Implement reasonable measures to prevent soil erosion on lands adjacent to the 
stream and to prevent stream siltation or pollution resulting from construction, 
operation or maintenance of the project, including revegetating exposed soil surfaces 
as necessary. 

• Reclaim, cover and mitigate all environmental conditions related to operation of the 
Bonner Junction Disposal Area. 

In addition to the requirements of the existing FERC license, MPC is working with FERC 
through the collaborative Part 12 Inspection process to identify additional measures that may be 
part of re-licensing requirements.  FERC requirements may include: 
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• Enhanced fish passage around the dam - Currently this is being accomplished by 
MPC using a trap-and-haul methodology.  A report was prepared by an MPC 
consultant, (HARZA 2000) that evaluated options for enhancing fish passage 
including construction of fish ladders or continued use of trap-and-haul.  Excerpts 
from the HARZA report describing the options are provided in Appendix C1.  FERC 
is currently evaluating the HARZA report and has not made a final decision on how 
final fish passage requirements will be met.  However for the purpose of evaluating 
the No Further Action Alternative (and all the other alternatives that include 
maintaining Milltown Dam), the FFS assumes fish passage will be maintained using 
either the trap-and-haul or the fish ladder options currently under consideration. 

• Dam safety upgrades as necessary to withstand Probable Maximum Flow conditions 
- FERC has required MPC to evaluate potential upgrades required to withstand PMF 
conditions.  MPC consultant Raytheon has completed a study on this issue (Raytheon 
1999) that is currently being reviewed by FERC.  Excerpts of study results are 
provided in Appendix C-2.  For the purposes of evaluating the No Further Action 
Alternative (and all other alternatives that include maintaining the dam), the CFS 
assumes that one of the options identified in the Raytheon report for assuring the dam 
can withstand PMF conditions will be implemented. 

4.2.2 Alternative 2A – Modification of Dam and Operational Practices plus Groundwater 
Institutional Controls  

This alternative involves physical modifications to the dam combined with enhancement of the 
current reservoir operational practices that are designed to mitigate the rate or timing of sediment 
release.  Alternative 2A also includes implementation of ICs to address potential risks associated 
with the groundwater arsenic plume. 

The current ICs and additional measures, as described in Alternative 1, would be maintained for 
this alternative, including implementing the likely FERC requirements for fish passage and dam 
safety upgrades as well as maintaining Milltown’s replacement water supply.  New ICs (such as 
more stringent boating restrictions and establishment of a controlled groundwater area banning 
new wells) and/or additional measures (such as dam physical and operational modifications and 
providing additional funding if needed to reconfigure or expand the replacement water supply) 
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would also be prescribed to provide increased protection.  Figure 4-1 presents a conceptual 
illustration of potential dam modifications and other measures included in Alternative 2A. 

4.2.2.1 Dam Modifications 

Modifications to the existing dam structure could be made to help mitigate the potential for 
sediment discharge.  Anticipated modifications include removal of the existing flashboards and 
replacement of the flashboard assembly with a pneumatic crest gate (inflatable rubber dam).  

Removal of the Existing Flashboards – Spillway flow control is currently maintained by a series 
of 44, five-foot wide by eight-foot high panels (flashboards).  A 43-foot wide by 17-foot high 
radial gate passes river flows through the dam during all but peak flow periods (when the 
flashboards are removed to pass the peak runoff).  The current flashboard system is cumbersome 
to operate and associated superstructure precludes passing ice chunks greater than 8 feet across.  
Operation of the flashboards is at times not possible in the winter due to ice build-up in the 
flashboard sliding channels.  Removal of these flashboards and their structural supports would 
mitigate the need for rapid reservoir drawdown associated with removing or protecting the 
flashboards on an emergency basis during an ice jam event.  Removal of dam flashboards would 
lower the operational level of the reservoir approximately eight feet reducing water storage and 
residence time. Power generation would still be possible, though at a decreased efficiency.  For 
these reasons the removal/replacement option for the flashboard assembly described below is 
assumed for the dam modification alternatives. 

Replacement of the Flashboard Assembly with an Inflatable Rubber Dam – The installation of an 
inflatable rubber dam to replace the existing flashboard assembly and associated superstructure 
would provide improved control of reservoir pool elevation.  In particular, the over spill 
characteristic of a rubber dam, and its ability to withstand ice impact, would allow more precise 
control of water releases during peak flow and ice events. An inflatable rubber dam  should also 
facilitate the ability to lower the reservoir pool elevation on a seasonal basis thereby increasing 
the short-term storage capacity available for subsequent high flow events while also reducing the 
aerial extent of sediment exposed to river flows. 

In addition to allowing for better control of water levels, the compartmental construction of the 
inflatable rubber dam would allow deflation of one or more of the compartments to allow for the 
passage of trash and ice.  Rubber dams are made up of three main elements: a strong, flexible, 
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rubber coated fabric tube which is fixed securely to a concrete base slab by clamping bars and 
anchor bolts; an operating system which controls inflation and deflation of the tube; and an 
automatic safety device which ensures tube deflation in flood situations (Figure 4-1).   

Inflatable rubber dams can range in height and section length.  Generally, the length is limited by 
the dam height.  A 10-foot high by 500-foot long dam is possible without intermediate abutment.  
The Bridgestone Company is one of the major manufacturers of inflatable rubber dams.  
Bridgestone uses a rubber dam material constructed of multiply, nylon reinforced with Ethylene 
Propylene Diene Monomer (EPDM) outer cover, 3/8 inch to 1 inch thick dependent upon dam 
height.  Air is supplied to the dam by high capacity ring compressors.  Inflation time is typically 
20 to 40 minutes while deflation time is 10 to 40 minutes.  The dam also includes an automatic 
fail-safe system requiring no electrical power for deflation.   

Bridgestone rubber dams are manufactured with a high-pressure vulcanizing press, and feature a 
much thicker body than conventional fabric dams.  The rubber dams are abrasion and cut 
resistant.  Furthermore, EPDM is resistant to weathering, ozone and heat extending the life of the 
dam (estimated life expectancy of 30 to 50 years).  The only maintenance required is to conduct 
periodic inspections.  In the event of damage to the rubber body, repairs can be easily performed.  
For small holes a sealing plug is inserted into the hole, the same technique used to repair tubeless 
tires.  To repair exposed fabric self-vulcanizing rubber is used to fill in the damaged portion.  To 
repair a deep cut a layered portion is cut in the rubber body to the specified dimensions.  Then 
the repair is joined with the rubber body using self-vulcanizing adhesive. Additional general 
information on Bridgestone rubber dams can be found in the supporting documentation presented 
in Appendix D2-1, including specific features and operational history at other projects. 

At the request of EPA, a preliminary engineering evaluation and site-specific 30% design was 
developed for retrofitting Milltown Dam with an inflatable rubber dam.   The preliminary 
engineering evaluation and 30% design report, provided in Appendix D2-2, recommended the 
following specific actions be completed as part of a Milltown Dam Spillway Retrofit: 

1. Replace the existing flashboard assembly with a Bridgestone rubber dam.  To enhance 
operational flexibility, the rubber dam would be constructed in three separate cells, each 
having an approximate length of 71 feet. 
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2. Construct the air inflation medium with separate and unison bag controls.  Controls 
would be located in the powerhouse with blowers, valves, control panel, etc., located on 
the divider block. 

3. Modify the spillway by filling stanchion pockets and gate shoes and softening spillway 
edges to reduce the potential for abrasion. 

4. Replace the existing bridge over the spillway with a new 6-foot wide, precast, 
prestressed, concrete bulb tees bridge.  Two tees side by side would provide a finished 
12-foot wide bridge deck.  Two new intermediate concrete bridge piers are required for 
support of the replacement bridge and would replace the existing bridge piers, which are 
too closely spaced to allow easy passage of large ice pieces.  The new piers will also 
serve as confinement for the separate dam bladders. 

4.2.2.2 Reservoir Operational Practices 

As discussed in Section 1.3.4, reservoir operational practices can affect the quality of water 
released to the CFR below the dam.  Specific Operational Practices that are currently in-place or 
that could be implemented include Full Pool Power Generation, Operation of the Reservoir at the 
Spillway Crest or Best Management Practices (BMP).  The following paragraphs provide more 
detail on each of the Operational Practices.   

Full Pool Operation – Operation of the reservoir at full pool is the current MPC operating policy.  
This operation policy maintains the reservoir at approximately 3,260 feet amsl (normal pool 
elevation is 3259.8 feet) for most efficient power generation.  In addition, full pool operation 
helps protect the existing wetlands by maintaining a high reservoir water level.  Continuing 
operation of the dam at full pool while mitigating sediment discharge and minimizing long-term 
maintenance of dam structures and systems is best performed by replacement of the flashboard 
systems and structures as described in Section 4.2.2.1. 

Operation of the Reservoir at the Spillway Crest – Operation of the reservoir at this level would 
provide freeboard for hydraulic retention and sediment deposition prior to release during periods 
of peak flow.  At normal flow conditions, the normal reservoir level would allow isolation of a 
large quantity of the suspended river sediment.  This process option could be implemented with 
either the existing flashboard system or the inflatable rubber dam  described in Section 4.2.2.1. 
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Best Management Practices – BMPs for sediment control include maintaining, at certain times of 
the year, the highest practical pool elevation in order to promote maximum sediment settling and 
release water from the surface of the reservoir thereby conveying the most sediment free water 
downstream.  Other sediment management practices include avoiding rapid drawdown of the 
reservoir and allowing for controlled release of fine grained sediment during declining limb of 
seasonal high flow events (i.e., while flows are still high but TSS concentrations coming from 
upstream have decreased from their rising limb typical peaks) thereby maximizing accumulated 
sediment dilution during high flow events in order to flush the reservoir system.  BMPs would 
also be compatible with optimum power generation, except for relatively short-lived events 
where the pool may be drawn down for declining limb sediment release.  BMPs for sediment 
would also generally favor wetland maintenance and protection. 

4.2.2.3 Additional Surface Water/Aquatic Life Protection Institutional Controls 

Implementing additional ICs and additional measures such as additional boating restrictions or 
overall prohibition of motorized craft in the reservoir may provide enhanced protection and 
containment of impacted materials.  Identification and restriction of motorized craft in sensitive 
bank areas or areas of high COCs susceptible to erosion from boating activities would reduce 
suspension and transport of impacted materials downstream.  Restrictions could be enforced 
seasonally or year-round depending on the level of protection desired.  

4.2.2.4 Additional Groundwater/Human Health Protection Institutional Controls 

ICs are an alternative for addressing potential human health risks associated with the exposure to 
the groundwater arsenic plume or the reservoir sediments.  ICs have been previously identified 
and analyzed in detail in the "Proposed Plan for Interim Institutional Controls at the Milltown 
Reservoir Sediments Site" (Murray Lamont Associates, 1992), contained in D2-1 and the "Draft 
Legal Memorandum Evaluation Institutional Controls Pursuant to Milltown Reservoir Sediment 
Site Work Plan" (ARCO, 1991). 

Implementation of groundwater ICs includes: providing continued funding for maintaining the 
existing replacement water supply; making available contingency funds to reconfigure, expand 
or update replacement water supplies; and establishing a controlled groundwater area (CGA) to 
ban future wells within or immediately adjacent to the arsenic plume.  This alternative also relies 
on natural attenuating properties of the environment to reduce metal concentrations through 
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physical and chemical processes.  Natural arsenic attenuation mechanisms such as dilution and 
adsorption, would be expected to continue to limit the extent of the groundwater plume. 

Several important ICs are already in effect, routinely enforced, and currently contributing to the 
protection of public health and the environment at the MRSS.  These include a number of public 
land use controls such as: Missoula County land use plans, floodplain and subdivision 
regulations, zoning, county development regulations pertaining to service extensions, and the 
Missoula Valley Aquifer Protection Ordinance (MVAPO) which controls well use in the county 
as well as private land use controls such as existing access restrictions to private property around 
the reservoir.  These existing measures substantially reduce the presence of residences and 
persons in the area and development pressures. 

Additional land use limitations which may be included as ICs consist of:  dedicated land use, 
local ordinances, deed restrictions, conservation easements, and future private party agreements 
with land owners for enhanced resource management including the reservoir, existing open 
space, and recreational and trail uses. 

ICs may include establishment of a well ban within and adjacent to the area of impacted 
groundwater.  This would be implemented through designation of the area with arsenic 
concentrations in groundwater exceeding 0.02 mg/l as a CGA by the State.  The CGA is 
proposed to include the area of groundwater exceeding the Montana Numeric Water Quality 
standard for arsenic of 0.02 mg/l and an additional buffer zone.  The extent of the buffer zone 
would be sufficient to preclude the possibility of arsenic migration from the boundary of the area 
with arsenic concentrations in groundwater exceeding 0.02 mg/l to an adjacent high capacity 
pumping well.  Calculations showing that a 140-foot wide buffer zone would be sufficient to 
accomplish this objective are included in Appendix D2-2.  However, to be conservative a 
minimum 150-foot wide buffer zone was assumed in developing the proposed CGA boundary 
for the CFS alternatives.  In addition, as shown on Figure 4-1 the CGA buffer zone would be 
extended to encompass the UDS and ash disposal landfill areas. 

To determine potential future water needs within the proposed CGA, an analysis of reasonably 
anticipated future land use and future water needs was conducted.  The assessment area, which 
corresponds with the proposed CGA area around the 0.02 mg/l arsenic plume is shown on Figure 
1-7.  This analysis was conducted to identify potentially developable lands within the assessment 
area that currently do not have an unimpacted water source in place.  Landowners within the 
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proposed CGA consist of MPC, Champion International, Town Pump, Inc., the interstate and 
railroad right-of-ways, 35 homeowners and one commercial establishment located in Milltown.  
The assessment area was divided into functional areas, shown on Figure 1-7, based on current 
and potential uses of the property to determine potential water needs.  Based on existing zoned 
land uses and conditions of the property within the assessment area, reasonably anticipated 
development is limited.  The following summarizes the land use as it pertains to future water 
needs for each of the functional areas. 

A replacement water supply system has already been provided for current Milltown residents 
whose wells were previously impacted.  The system, owned and operated by MWUA, serves 35 
homes and one commercial establishment in Milltown and is represented by Area E on Figure 
1-7.  The replacement water supply system has the capacity for expansion to serve the 
“Remainder D” area, identified as Area F on Figure 1-7,and may accommodate other users with 
system upgrades.  The replacement water supply, since it is regulated by state and federal 
community water supply standards and adequately funded, provides current and future uses with 
safer and more reliable drinking water than residents of similar communities elsewhere that use 
individual private wells. 

MPC’s property located to the north of the Milltown Dam and identified as Area G on Figure 1-7 
is reserved for recreational use.  The majority of MPC’s property is located within the floodplain 
upstream of the dam and is restricted by locally adopted floodplain regulations.  As stated in the 
regulations, no permanent structures may be placed in the 100-year floodway.  The entire 
reservoir basin and flat lands south of I-90 are located in the floodway, as are other areas 
adjacent to the Blackfoot and Clark Fork Rivers within the assessment area which are identified 
on Figure 1-7 as Area A.  Domestic water supply for these areas is not anticipated. 

Two landfills are located within the assessment area and are identified on Figure 1-7 as Area C.  
The Champion International Inc. ash landfill is located on the leading edge of the area with 
arsenic concentrations in groundwater exceeding 0.02 mg/l and the UDS is located in the 
southern portion of the assessment area.  These areas are designed as locations for the 
impoundment and storage of wastes; thus, future development (e.g., residential use) is not 
reasonably anticipated and would most likely be restricted to prevent damage to caps.  Therefore, 
no current or future water needs are projected. 
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A small undeveloped parcel of land located at, or just downgradient from, the leading edge of the 
0.02 mg/l plume is delineated as Area H on Figure 1-7.  This parcel is near the Champion 
Landfill, and there are no known plans for development of this area.  However, if future 
development occurs an alternate water supply to on-site groundwater (for example installation of 
an off-site well) could be implemented.  

The Town Pump, Inc., which purchased the former Stimson Lumber Company timber office 
property located just north of I-90 (identified as Area I on Figure 1-7), has developed a 
petroleum retailing station and truck stop on the land.  Based on monitoring results the 
groundwater well providing drinking water to this development is not impacted by the reservoir 
arsenic plume.  Therefore, it is assumed the future water needs for this area will continue to be 
met through use of the existing well. 

The interstate and railroad right-of-ways, identified as Area B on Figure 1-7, are unavailable for 
residential development.  Two areas designated on Figure 1-7 as Area D are located adjacent to 
right-of-ways and floodways and are not accessible from a public road. 

Within the assessment area, three areas have been positively identified which may have future 
water needs.  These three areas include the MWUA area, “Remainder D,” and the Town Pump, 
Inc. area.  Of these areas, the 35 Milltown homeowners and one commercial establishment 
already have been provided a replacement water supply system and have agreed to support a 
CGA for the arsenic plume area.  The MWUA water system can be expanded under current 
funding to encompass the adjacent land of “Remainder D”.  As noted previously the Town 
Pump, Inc. area has a drinking water supply well that meets current needs and is likely adequate 
for meeting reasonably anticipated future water needs for this area.  The undeveloped land in and 
around the Champion Landfill is unlikely to be developed in a fashion that would require 
domestic use of on-site groundwater.  Therefore, implementation of a well ban within the 
proposed CGA boundary is not anticipated to constrain reasonably anticipated future land use in 
the area. 

Groundwater monitoring of the lateral and vertical extent of arsenic contamination, and stability 
of the area with arsenic concentrations in the groundwater exceeding 0.02 mg/l at the MRSS is 
ongoing.  The monitoring plan is flexible and may be modified as necessary to change the 
number of wells, the location of wells, and frequency of sampling in response to the monitoring 
results.  The monitoring plan currently includes 59 wells, sampled semi-annually, and is 
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overseen by the EPA and MDEQ.  The location of these wells and the area of groundwater 
exceeding 0.02 mg/l dissolved arsenic concentration are shown on Figure 1-5.  

4.2.3 Alternative 2B – Modification of Dam and Operational Practices plus Groundwater 
Containment and Institutional Controls and Natural Attenuation within the Aquifer 
Plume 

Alternative 2B combines the dam outflow works and reservoir operational control modifications 
described in Alternative 2A and the current ICs and additional measures described in Alternative 
1 with groundwater containment and ICs.  Groundwater containment would involve use of 
vertical barriers (i.e., slurry walls, grout curtains and/or deep soil mixing) to isolate the reservoir 
sediments from the downgradient alluvial aquifer. The anticipated groundwater ICs are generally 
as described in Section 4.2.2.4, but would be tailored to suit the specific requirements associated 
with this alternative, such as reducing the extent of a controlled groundwater area downgradient 
of the containment barrier provided the barrier was shown to be effective in permanently 
decreasing the extent of the arsenic plume.   Figure 4-2 presents a conceptual illustration of 
Alternative 2B in plan-view.  

4.2.3.1 Groundwater Containment 

Groundwater containment would involve the use of physical barriers to restrict the migration of 
metals-containing groundwater into the alluvial aquifer beneath Milltown.  Figure 4-2 shows the 
conceptual plan for groundwater containment including a potential containment wall location.  
To be effective, the physical barrier would need to be approximately 5000 feet in length and 
keyed into the underlying bedrock which ranges in depth from approximately 45 to 70 feet below 
the ground surface.  Additionally, barrier effectiveness is dependent upon keying the west end of 
the containment wall into the Milltown Dam foundations.  Since there may be dam safety and 
stability issues related to construction of the slurry wall in close proximity to the dam footings 
this option may not be acceptable to dam safety regulatory agencies. 

Implementation of a containment wall would likely involve construction of a soil bentonite 
slurry wall and installation of a grout curtain tied into the slurry wall for crossing of the 
Blackfoot River.  Slurry walls are subsurface walls that act as barriers to lateral flow of 
groundwater and water-borne pollutants.  The major characteristic of slurry wall construction is 
the use of bentonite-water slurry which allows excavation without the use of lateral supports.  
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The walls are typically built by excavating a narrow trench (approximately 3 feet wide) while 
pumping in the slurry and maintaining its level at or near the top of the trench during the 
excavation process.  The slurry wall needs to be keyed into the underlying bedrock to form the 
bottom of the wall.  The narrow trench is then be backfilled with impervious material to form a 
permanent cutoff wall capable of meeting a 1x10-6 or 1x10-7 centimeters per second permeability 
standard. 

For the 1996 FS, MTAC recommended considering constructing the soil wall using the deep soil 
mixing (DSM) technique (where soil and slurry are mixed in place using counter-rotating augers) 
rather than using the more conventional trenching technique.  As discussed in Appendix D3 case 
histories show that DSM is most effective in uniform coarse and fine-grained soils.  The 
presence of large cobbles and boulders in the subsurface, as observed at Milltown during 
groundwater well installation, would present a significant impediment to DSM.  Therefore, 
trench slurry wall installation is assumed for the purpose of Alternative 2B evaluation and 
costing.   

Due to the soft terrain and nature of the reservoir sediments, access roads and a stable and firm 
working pad underlined by geotextile for equipment support would need to be constructed prior 
to slurry wall installation.  The working pad would be approximately 30 feet wide and 5 feet 
thick and would run the entirety of the slurry wall.  In addition, a mixing platform would need to 
be constructed to support the slurry mixing plant and mixing equipment.  The mixing platform 
would be centrally located from the slurry wall alignment and access road.  Bentonite slurry 
would be transferred from the mixer by a progressive cavity pump through pressure hoses to 
holding tanks where it will be pumped to the mixing platform for mixing with import clay before 
transfer to the working platform. 

The potential effects of a slurry wall on the groundwater flow conditions in the vicinity of the 
Milltown Reservoir, was evaluated using a numerical model.  The numerical model MODFLOW 
(McDonald and Harbaugh, 1988) was employed to simulate the three-dimensional groundwater 
flow conditions within and around the reservoir area.  The model components included the 
alluvial aquifer, the reservoir sediments, river recharge from the Clark Fork and Blackfoot 
Rivers, and the alluvial aquifer-bedrock contact which acted as a no-flow boundary.  Once 
constructed the model was calibrated against the known potentiometric surface and estimates of 
valley under-flow and river recharge.  A discussion of the containment wall model construction 
and model calibration is included in Appendix D3. 
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The groundwater flow model was used to simulate the effect of a slurry wall placed north of the 
reservoir.  The evaluation assumed that the wall was continuous extending from the ground 
surface and keyed into the underlying bedrock.  The slurry wall was assumed to be competent 
with a bulk hydraulic conductivity of 1 x 10-7 centimeter per second.  The results of the 
groundwater modeling predicted that the installation of the northern slurry wall, if competent, 
would likely result in the formation of nearly stagnant groundwater flow conditions within the 
reservoir area.  Stagnant conditions would form as the slurry wall would restrict groundwater 
flow exiting the reservoir area resulting in a “pooling” of groundwater within the reservoir area.  
Under this scenario the modeling results indicate that: 

1. leakage from the Clark Fork River would likely decrease in the reservoir area; 

2. the groundwater level within the reservoir sediments would likely increase and possibly 
saturate additional portions of the sediments; 

3. surface water discharge from the Milltown Dam would likely increase as subterranean 
flow is substantially reduced; and 

4. the potential exists for an upward groundwater gradient in some parts of the reservoir 
causing recharge from the groundwater or sediment pore water to the reservoir surface 
water. 

In addition, groundwater levels outside the slurry wall would likely drop as input to the deep 
alluvial aquifer from the reservoir area is reduced.  The largest changes in groundwater levels 
would occur in the area north of the Milltown Dam.  The drop of one to two feet in the 
groundwater levels outside the slurry wall may also result in a net increase in the leakage from 
the Blackfoot River into the alluvial aquifer.  

Assuming it was possible to construct a competent wall which resulted in nearly stagnant 
groundwater conditions and increased water levels in the sediments it is likely that there would 
be geochemical impacts from the change in water levels and flow conditions.  For example, 
under higher water levels the reducing zone in the sediments would extend upward, possibly 
encompassing all of the sediments within the area enclosed by the slurry wall.  Although the 
upper sediments are generally lower in arsenic concentrations, the result would be a slow 
mobilization of arsenic associated with iron hydroxides in what is currently the oxidized or 
transition zones.  The mobilization of arsenic would result from the dissolution of iron 
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hydroxides, which are unstable under reducing conditions.  Also, dissolved arsenic may be 
reduced from oxidized arsenic (As V) to reduced arsenic (As III).  Reduced arsenic is not 
adsorped by iron hydroxides as readily as is oxidized arsenic. 

Technical and environmental considerations associated with the groundwater containment 
alternative include: 

• Crossing the Blackfoot River, which as discussed in more detail in Appendix D3, 
would presumably be accomplished through grout injection or soil mixing with 
injection from a barge in the river; 

• Excavated trench soils would presumably not be suitable for use as slurry wall 
backfill (which requires at least 30% fines content) due to the coarse nature of the 
alluvial aquifer materials.  The excavated material, which would likely be a mix 
of alluvial aquifer material and metals-elevated reservoir sediment material, 
would require special handling/disposal in an engineered repository, local solid 
waste landfill or other appropriate disposal facility after completion of wall 
construction.  In addition, the materials imported for construction of access roads, 
working pads and slurry mixing ponds would also require disposal unless, as may 
be the case for the working pad/access road, the determination was made to leave 
them in place to facilitate future O&M work; 

• Placement and monitoring of numerous piezometer wells, (approximately 20 on 
each side of the slurry wall), would be required to measure groundwater gradients 
verifying the continuing integrity of the wall; and 

• Due to the cohesionless nature of the soils, severe sloughing may be encountered 
during trench construction requiring additional time and soil removal. 

The construction time-frame for the slurry wall is approximately one year, during which ICs 
would be implemented and continue to be enforced.  

4.2.3.2 Natural Attenuation within Aquifer Plume 

Assuming the groundwater containment measures described above were effective in reducing 
metals and arsenic loading to the alluvial aquifer it would be expected that metals and arsenic 
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concentrations in the alluvial aquifer would be reduced over time through the natural attenuation.  
Currently the natural attenuation processes of dilution and adsorption act to reduce contaminant 
concentrations along the flow path from the sediment source through the alluvial aquifer.  By 
isolating the source sediments from the aquifer, or at least reducing the degree of connection, 
groundwater containment would reduce the rate of continued metals loading to the aquifer 
system.  With a reduction in the rate of contaminant loading to the system, the existing natural 
attenuation processes operating within the aquifer should be more effective in further reducing 
aquifer contaminant concentrations to levels below applicable standards.  Over time this should 
result in reducing the extent of the aquifer plume and the maximum concentrations within any 
remaining plume areas.  The predicted timeframe for achieving reduced concentrations within 
the downgradient aquifer and the predicted ability of groundwater containment combined with 
natural attenuation within the aquifer to meet applicable groundwater standards are discussed in 
Section 5.2.2.2.  

4.2.4 Alternative 3A – Modification of Dam and Operational Practices with 
Erosion/Scour Protection plus Groundwater Institutional Controls 

Alternative 3A includes the modifications to the dam outflow works and reservoir operational 
controls identified in Alternative 2A, the current ICs and additional dam safety and fish passage 
measures described in Alternative 1 and the additional groundwater ICs described in Alternative 
2A.  In addition, erosion/scour protection and bank stabilization methods are included in this 
alternative.  Erosion protection would rely predominately on biological (i.e., vegetation 
enhancement) techniques.  Figures 4-3 and 4-4 present conceptual illustrations of Alternative 3A 
in plan-view and cross-section.  

4.2.4.1 Riparian Erosion/Scour Protection 

Areas located downstream of Duck Bridge that are currently inundated while the reservoir is at 
or near high pool but exposed at low pool, would be seeded or sprigged with native vegetation 
suitable for the particular environment.  These areas make up approximately 61 acres of the 
lower reservoir area.  Non-native plants and grasses with greater erosion resistance properties 
could be included in the revegetation mix.  Erosion control mats could be used to enhance early 
resistance to erosion while plants and grasses are becoming established.  Pre-vegetated erosion 
mats could also be used to allow erosion control and revegetation to be accomplished in a single 
step.  During implementation the reservoir would need to be maintained at a low level for a 
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longer period of time to allow effective implementation of seeding and other erosion control 
measures. 

Areas with higher potential for scour, such as stream banks or areas of concentrated flow would 
be stabilized using a higher degree of protection.  Stream banks may be stabilized using 
bioengineering techniques that provide interim protection against erosion until vegetation can 
become established.  In some areas of high erosion or scour potential, hard stabilization such as 
riprap or gabions may be required to protect sediment from scour during peak flows. 

4.2.5 Alternative 3B – Modification of Dam and Operational Practices with 
Channelization plus Groundwater Containment and Institutional Controls and 
Natural Attenuation within the Aquifer Plume  

Alternative 3B combines the dam outflow works and reservoir operational control modifications 
described in Alternative 2A, the current ICs and additional measures described in Alternative 1 
and the groundwater containment, natural attenuation within the aquifer plume and ICs described 
under Alternative 2B with channelization of surface water flow in the lower reservoir.  Limited 
sediment removal upstream of the dam would be performed to construct and maintain CFR and 
BFR channels with adequate capacity to convey a design flow for a 100-year storm event.  
Channelization and erosion protection of the upstream river channels would be accomplished 
using engineering controls (e.g. sheet piling, riprap, etc.).  Figures 4-5 and 4-6 present conceptual 
illustrations of Alternative 3B in plan-view and cross-section.  

4.2.5.1 Sediment Removal 

Limited initial sediment removal (approximately 700,000 cubic yards [cy]) would be 
implemented, using hydraulic cutterhead dredging, to construct a channel with adequate capacity 
to convey a design flow for a 100-year storm event.  The channel dimensions necessary to 
convey the 100-year flow (and corresponding sediment removal volume requirements) were 
determined based on a hydraulic calculation (Appendix D4).  The hydraulic calculation 
determined a flow depth of 22 feet would be required in a channel with a 200-foot wide bottom 
and 2H:1V side slopes (assuming an average gradient of 0.0002 with the dam in place).  As 
shown on Cross-Section B-B’ in Figure 4-5, this computed flow depth would necessitate 
construction of 2- to 4-foot high dikes on both of the constructed channels to contain the 100- 
year flow within the channel.  Table 4-6 summarizes the estimated removal volumes for 
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Alternative 3B and the other CFS Alternatives.  The total volume for the initial removal needed 
to create the 100-year channels include: 1) the in-place removal volumes (estimated from mid-
1980s cross-section data by HLA), 2) a contingency of 30% to account for accuracy limitations 
of available estimates and sloughing of additional sediments into the removal area, plus 3) an 
allowance for additional volume of incoming sediments from upstream that may deposit in the 
channel and require removal over the course of the initial removal work.  (Note: The volume of 
additional incoming sediments is based on assuming 35% of the average annual incoming 
sediment volume may deposit and be incorporated in a removal; see Table 4-6 and Appendix D5 
for additional discussion on the basis for this assumption). 

Sediment removal to create the 100-year flow channels would be performed predominantly using 
hydraulic dredging techniques (i.e., cutterhead suction dredges).  These dredges are suitable for 
removing saturated fine sediment through coarse sand material but are not suitable for removing 
debris or other large particles and therefore may need to be supplemented with clamshell 
dredging if significant quantities of debris are encountered.  Hydraulically dredged materials 
would be pumped in a slurry form to a predetermined containment area for wet disposal or for 
sediment de-watering and subsequent transport to a dry disposal facility (see Sections 4.2.5.2 
through 4.2.5.4 for discussion of sediment transport, dewatering and disposal techniques).  The 
reservoir would be maintained at full pool levels while dredging occurred in the river channels.  
Reintrainment of sediments in the river flows and turbidity concerns during construction would 
be addressed, to the degree practicable, using engineering controls such as silt curtains.  A 
conceptual design for turbidity control during dredging under Alternative 3B and the other 
sediment removal alternatives is provided in Attachment U of Appendix I1.  Additional general 
information on turbidity control options is provided in Appendix G2. 

This alternative assumes that sediment may accumulate in the channels after the initial removal 
requiring additional periodic removals to maintain sufficient capacity to convey the 100-year 
flow within the channel.  Based on 1990-1997 suspended sediment input rates to the reservoir 
and estimated suspended sediment capture efficiencies for the basin created by Alternative 3B it 
is estimated that periodic removals of approximately 350,000 cy (i.e., after half the original 
removal volume had re-accumulated at which point it would be assumed that the Alternative 3B 
channels flow capacity may have been reduced to the point that their ability to pass floods 
without overtopping would be jeopardized) may be required as frequently as every 4 years (see 
Table 4-6 and Appendix D5 for additional discussion on the basis for periodic sediment removal 
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volumes).  This frequency and volume of periodic removal is conservative as the sediment 
accumulation rate is based on calculated capture efficiencies applicable to average flow 
conditions and does not reflect the potential for periodic scour of accumulated sediments during 
high flow events.  The periodic sediment removals would presumably be completed using similar 
removal, dewatering, transportation and disposal techniques as were used for the initial removal. 

Sediment removal would presumably occur during low flow summer months and would likely 
require a temporary waiver of state WQB-7 surface water quality standards.  Table 4-7 presents 
the estimated implementation timeframes for the CFS Sediment Removal Alternatives.  
Approximately two construction seasons would be necessary to complete the initial sediment 
removal and channel reconstruction work for Alternative 3B.  Excavated sediments would 
require dewatering, transportation and disposal at an off-site repository.  Options for dewatering 
of removed sediments, transportation of sediments and off-site disposal of sediments are 
described in the following sections and are summarized in Table 4-8.   

4.2.5.2 Sediment Transport 

Three means of transporting excavated sediments to the disposal site were evaluated for this 
alternative: slurry pipeline, truck transport and rail transport (Table 4-8).  The actual 
transportation option selected would depend on whether the sediments were to be ultimately 
disposed of in a “wet” or “dry” repository combined with the transportation distances to the 
various potential disposal site options.  Potentially the most cost effective sediment 
transportation option is by slurry pipeline.  However, given the relatively high up-front capital 
investment required along with the need to maintain the pipeline between removal events, slurry 
pipeline transport is not cost effective for longer distances and/or for smaller volume removals.  
A Near Reservoir Disposal Locations Sensitivity Analysis (Appendix D6-1) was completed to 
determine if potential sediment disposal sites (with adequate capacity to accept the removed 
sediments) exist near enough to the reservoir to potentially allow use of slurry pipeline 
transportation.  As discussed under Sediment Disposal in Section 4.2.5.5, one near reservoir site 
was identified that potentially had sufficient capacity to accept the removed sediments.  
Therefore, slurry pipeline transportation, along with truck or rail transportation of dewatered 
sediments, was retained for consideration in the CFS. 

Assuming slurry pipeline was selected as the sediment transportation option a 12- to 24-inch 
diameter pipe (depending on pressure and slurry thickness) would be needed to match the 
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production rates of one to two 12-inch cutter-suction dredges.  Once started, flow within the pipe 
is assumed to continue on a non-stop basis through the removal work timeframe.  Shutdown of 
the slurry transport system would require flushing of the system to prevent settled solids from 
clogging the pipeline and pumps.  The slurry pipeline could potentially be used for the initial 
removal action and maintained for re-use during the periodic channel capacity maintenance 
removals as warranted. 

Overland transport via truck is another transportation option for sediments after they have been 
dewatered.  It would require at least 35,000 round-trip truck trips with a standard road legal 20-
cubic yard capacity truck with trailer, to relocate the dewatered sediments excavated during the 
initial excavation (assuming a 700,000 cy  initial removal).  Transport of sediments excavated 
during the periodic removal via overland truck would require at least 17,500 round-trip truck 
trips per event (assuming 350,000 cy per maintenance removal event). 

Rail transport would require approximately 8,430 rail car loads with 83-cubic yard capacity cars 
to relocate the dewatered sediments initially excavated to the disposal facility (assuming a 
700,000 cy  initial removal).  Transport of sediments excavated during periodic removal via rail 
would require approximately 4,200 rail car loads (assuming 350,000 cy per maintenance 
removal).  Rail transport would require construction of loading and unloading spurs and facilities 
to access the excavation and disposal sites. Construction of the spurs may require crossing public 
infrastructure through the city and county of Missoula, which will require right-of-way 
easements and local, state and federal permits. 

4.2.5.3 Sediment Dewatering 

Sediment dewatering could occur on-site with subsequent transport by truck or rail to the 
disposal site, or at the disposal site after transport using a slurry pipeline.  Sediment dewatering 
would involve the removal of free water from the excavated sediments so that they would pass 
the paint filter test.  At some dredging sites sediments have been dewatered using settling ponds 
with polymers added to the slurry to enhance settling.  However, given the limited space 
available on-site for settling ponds and the relatively fine-grained nature of the Milltown 
Sediments it is assumed that settling ponds alone would not be able to achieve adequate 
dewatering in a reasonable timeframe.  Therefore, it is assumed that effective sediment 
dewatering under the on-site option would require use of mechanical dewatering (i.e., filter or 
belt presses) to squeeze free water from the sediments prior to transportation.  Maintenance or 
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periodic re-assembly of the dewatering facility may be required indefinitely since periodic 
removal of sediments may continue indefinitely.  Attachment P to Appendix I1 provides 
background information on potential equipment that could be used for sediment dewatering.   

As summarized on Table 4-9, an estimated 800 million gallons of water would be generated, 
during the hydraulic dredging and subsequent dewatering of 700,000 cy  of sediments (based on 
an assumed 15% solids in the dredged sediments).  Water collected from the sediments is 
anticipated to require treatment to reduce concentrations of copper and arsenic prior to discharge.  

Dewatering of slurry pipeline transported sediments at the disposal facility could be performed 
passively through decanting in the disposal cell (for the “wet” disposal option) or in the same 
manner as above using clarifiers or thickeners and filter presses or other mechanical dewatering 
mechanisms for dry disposal.  For sediment removal alternative cost estimating purposes passive 
“decant” dewatering is assumed for the slurry piping options.  As discussed under Section 4.2.5.4 
the decant disposal facility would be designed and sized to allow sufficient residence time for the 
sediment solids to gravitationally separate, settle, and consolidate. 

Water collected during either mechanical or passive dewatering will likely require treatment to 
reduce metals and arsenic concentrations prior to discharge presumably back to the CFR.  
Attachments O and J to Appendix I1 provide some background information on water treatment 
assumptions. 

The effect on CFR water rights of the timing of withdrawls from the river and return of treated 
water from the sediment dewatering and disposal operations has not been evaluated as part of the 
CFS but would need to be considered should this alternative be selected. 

4.2.5.4 Sediment Disposal  

As discussed previously, Table 4-8 presents a matrix of sediment removal, transportation and 
disposal options for the various FFS alternatives that include sediment removal.  It is assumed 
that sediments would be disposed of in a solid waste repository located at a suitable site in 
Missoula County (or to Opportunity Ponds in Deer Lodge County) in accordance with county, 
state and federal Regulations.  Operation of the disposal facility may be required indefinitely 
since periodic removal sediments may be ongoing.  Depending on disposal option selected the 
removed sediments could be mechanically dewatered and transported to the disposal facility for 
“dry” placement in a non-hazardous Resource Conservation and Recovery Act (RCRA) D type 
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repository or the sediments could be transported via a slurry pipeline and placed “wet” in a lined 
“tailings pond” type facility.  The wet disposal facility would presumably be divided into cells to 
enhance passive sediment dewatering (i.e., draining) and water decanting efficiency.  Additional 
information on design and siting assumptions for the disposal facilities are summarized in the 
paragraphs below and detailed  in Appendix D6-1 and in Attachment C to Appendix I1. 

As stated above, Appendix D6-1 presents a Near Reservoir Disposal Locations Sensitivity 
Analysis that evaluates potential sediment disposal locations sufficiently close to the reservoir to 
allow slurry pipeline transport and wet disposal of removed sediments.  Only one disposal option 
within the vicinity of the reservoir, Upstream B, appears to potentially have the space capacity to 
accept the volume of all the impacted sediments regardless of the alternative selected (Note: This 
assumes the majority of the approximately 200 acres of space within the Upstream B site 
boundaries identified by Missoula County are available and suitable.)  Additional discussions on 
potential disposal facility location and design assumptions are provided in the following 
subsections. 

Wet Disposal to Upstream B or Equivalent Site 

The Upstream B disposal site was retained as the potential slurry pipeline transport to disposal 
site option.  Currently the Upstream B site includes: an operating gravel pit and large wood 
waste/compost pile; reportedly may also contain an old landfill located underneath the compost 
pile; is partially within the floodplain; and has not been specifically evaluated for suitability as a 
disposal facility.  Therefore, the assumption that it is potentially usable, made strictly for CFS 
alternative evaluation purposes, is not meant to imply that it would ultimately be determined to 
be suitable. In order to adequately size the wet disposal receiving facility for slurry transport, a 
bulking factor of 1.5 is applied to in-place removed sediment volumes to estimate the initial 
volume of newly placed sediments.  (Note: When sediments are hydraulically dredged and 
discharged to a containment area where they settle to the bottom, the volume of sediment that 
settles out is initially larger than the original in-situ volume.  This is due to the fact that the 
settled sediments have not consolidated to the same density as the in-situ sediments.  The ratio of 
the disposed sediment volume to the in-situ volume is the bulking factor.  When discussing 
volume of sediment, this report refers to the in-place unbulked yardage unless otherwise stated.)  
As the newly placed sediments dewater and consolidate over time the volume they take up in the 
repository will decrease.  For the purposes of estimating capacity requirements for the wet 
disposal facility the following bulking factor assumptions are made: 
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• A 1.5 bulking factor for the limited removals under Alternatives 3B, and 5 (i.e. 0.7 
mcy removal requires a 1.05 mcy capacity repository) reflecting the limited 
timeframe for consolidation during the approximately 2-year sediment 
removal/placement in disposal facility timeframe. 

• A lower 1.125 bulking factor for the lower reservoir sediments total removals under 
Alternatives 6A and 7A (i.e. 5.2 mcy removal requires a 5.85 mcy capacity 
repository) reflecting the likelihood of significant consolidation of sediments during 
the approximately 6-year removal/placement in disposal facility timeframe. 

• No bulking is assumed for the entire reservoir sediment removals under Alternatives 
6B and 7B (i.e. repository capacity required equals the 8.9 mcy estimated removal 
volume) reflecting the assumption that, on average, the sediments will consolidate to 
their pre-removal in-place density/volume during the approximately 12-year 
removal/placement  timeframe. 

For alternative cost estimating purposes site-specific conceptual designs for wet disposal were 
developed that assume use of the Upstream B site.  Design assumptions and details for Upstream 
B wet repositories are provided in Attachment C to Appendix D6-1 and summarized in the 
following sentences.  It is assumed wet repositories would follow the shape of the available area.  
For CFS alternative costing purposes it is assumed that the wet repository construction area at 
Upstream B would not include the compost pile area.  This requires construction of a higher 
repository (i.e., up to approximately 54 feet above grade under Alternatives 6B and 7B) to 
contain the sediments but avoids the potential cost implications of having to remove the compost 
and/or landfill materials during site preparation.   Perimeter berms to contain the sediments 
would be constructed of on-site or imported fill at a 3:1 slope, with a 15-ft wide roadway 
allowance on top.  The side of the perimeter berm facing the CFR would be armored.  To 
facilitate dewatering the slurried sediments would be placed in individual decant cells (approx. 
550 ft on a side), in 3-foot maximum lifts.  Interior berms separating the decant cells would be 
constructed of on-site or imported fill at a 1:1 slope.  The repository would be excavated to a 
depth sufficient (to the extent possible given groundwater depth and other limitations) to provide 
as much of the fill material required for berm construction as possible with the remainder 
imported.    The wet repository is assumed to have a bottom liner/leachate collection system.  
The leachate collection and removal system would need to be designed to handle the rate of 
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water generated by passive sediment dewatering in the wet repository.  It is also assumed that the 
repository would be capped with a 2-foot thick soil/liner combination cap after the placed 
sediments had sufficiently consolidated (Note: Closure capping is presumed to occur in stages 
under Alternative 3B, and Alternatives 6A and 6B assuming sufficient repository capacity, to 
allow for future placement of additional sediments generated by periodic removals). 

Dry Disposal to an Existing or Constructed RCRA “D” Type Repository 

Potential sites that could be considered for dry repositories for disposal of dewatered sediments 
include: 

1. Upstream B Site, or other “near reservoir” potential disposal sites - Although 
potentially usable for dry disposal, the Upstream B site was specifically evaluated and 
costed only for wet disposal because its proximity to the reservoir would suggest use 
of the more economic slurry transport and wet disposal option. 

2. The existing Missoula County Landfill (i.e. BFI site) or undeveloped land adjacent to 
the BFI site which could potentially be permitted as a dedicated disposal facility for 
the removed sediments - For alternative costing, disposal to BFI itself (with tipping 
fees) is assumed because the cost of constructing an adjacent dedicated facility is 
covered under the hypothetical site Option #3.  The BFI site is located approximately 
10 miles from the reservoir. 

3. Other arbitrary hypothetical repository locations at distances of 10 to 20 miles from 
Milltown Reservoir - Although other potential sediment disposal sites have been 
identified by Missoula County, (see Attachment A to appendix D6-1) it is unclear 
whether any of these potential sites would meet waste disposal facility siting criteria. 
A preliminary repository siting evaluation completed for the 1996 FS concluded that, 
aside from the undeveloped area around the existing BFI landfill, other potential sites 
within 10 miles of the reservoir had conditions that may make them poorly suited for 
siting a waste disposal facility (see Appendix D6-2).  Given the lack of a confirmed 
suitable repository site within 10 miles of Milltown Reservoir, hypothetical sites 
located 10 to 20 miles from the reservoir were assumed for alternative evaluation and 
costing.  Repository acreage requirements and other conceptual design assumptions 
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used to estimate disposal costs under the hypothetical repository site options are 
detailed in Appendix D6-1 and Attachment C to Appendix I1. 

For CFS alternative costing it is assumed that the dry disposal repositories would be constructed 
to comply with the substantive requirements of state and federal non-hazardous waste disposal 
regulations and would include a bottom liner, a leachate collection system, a top 
liner/revegetated soil cap, maximum 3:1 side slopes and a groundwater monitoring system. 

Dry Disposal to Opportunity Ponds 

Opportunity Ponds (located approximately 4 miles east of Anaconda) is also retained for further 
consideration as a disposal site option. The rail transport and Opportunity Ponds disposal option 
is potentially feasible for any of the sediment removal alternatives; however given the capital 
costs involved with rail transportation to Opportunity, this option is considered more applicable 
for larger removals.  Therefore costs were developed for Opportunity Ponds disposal only for 
Total Removal Alternatives 6 and 7.  Opportunity Ponds cell area RDU #8 currently contains 
tailings material generated from the milling and smelting operations that occurred on Smelter 
Hill and could potentially accept sediments removed from Milltown Reservoir.  Sediments could 
be transported by rail and placed within the impounded areas of the Opportunity Ponds.  For 
estimating costs of the Opportunity Ponds disposal option, it is assumed that any additional 
repository construction or O&M costs, beyond placing the material (i.e., capping, revegetation, 
etc.) would be covered, if needed, under ARWW&S OU. 

4.2.5.5 Channelization 

Channelization of the major river channels directly up gradient of the dam, along the existing 
CFR and BFR channel alignments would be accomplished using engineering controls such as 
levees, grout-filled mattresses, gabions, rock armor and/or sheet piling designed for peak flow.  
The constructed channel would need to tie into the existing gravel riverbed.  Channelization 
would divert flow that is currently feeding the wetland areas and concentrate flow within a 
primary channel.  Channelization of the CFR would begin just upstream of the dam and continue 
upstream approximately 1 mile to Duck Bridge.  Channelization of the BFR would begin just 
upstream of the dam and would continue upstream to tie into the I-90 Bridge Embankment.    

As shown in Figure 4-5, two- to four-foot high armored dikes would need to be constructed on 
both sides of the channels to contain the floodwaters during a 100-year flood event with the dam 



Draft Combined Feasibility Study  82  
  

H:\Projects\MILLTOWN\Combined FS\Oct 31 Submittal\PDF\Electronic files\text\Milltown Combined FS Oct 31 Submittal.doc 

 

in place.  In addition, armored levees would also need to be constructed upstream of Duck 
Bridge to direct floodwaters from the existing braided CFR channels into the reconstructed 
channel.  These levees would also be sized and armored to prevent overtopping or erosion during 
high flows up to a 100-year flood event.  Appendix D5, Milltown Reservoir Hydraulic 
Calculations, presents channel sizing calculations to accommodate the CFR 100-year and 500-
year storm events with, and without, Milltown Dam in place.   

Means of channelizing the river could include: construction of a concrete or rock riprap armored 
channel; installation of sheet piling; or installation of grout-filled mattresses. 

Concrete or Rock Riprap – A primary channel with a trapezoidal cross-section would be 
constructed from concrete slab, shotcrete cement amended soils or rock riprap armor.  Channels 
would be designed to handle the design discharge with adequate free board considering channel 
geometry, grade and sinuosity.  Flow dissipation and grade stabilization structures would be 
constructed within the channel to reduce flow velocity, increase hydraulic residence time and 
enhance, to the degree possible, habitat quality.   Heavy disruption to wetlands and the riparian 
environment would be expected under this alternative.  Concrete, shotcrete or cement amended 
soils channel lining options could reduce the hydraulic connection between the river and the 
reservoir sediment groundwater, potentially changing reservoir sediment water levels and 
geochemistry.  Therefore, for the purpose of evaluating Alternative 3B, the CFS assumes use of 
rock riprap or other water permeable channel lining materials that would not affect water levels 
or geochemical conditions in the sediments left in place beside the channels. 

Sheet Piling - Sheet piles could be installed along the banks of the river in an attempt to further 
isolate susceptible sediments from the main river flow.  This sheet pile would be installed in 
advance of channel dredging to minimize the amount of sediment sloughing into the channel 
during dredging activities.  Disruption to wetlands would be expected during sheet pile 
installation due to heavy equipment access. 

Grout-Filled Mattresses - Installation of gabions or grout-filled fabric mattresses could also be 
used to provide channelization for the main river channels.  The mats or blanket would separate 
channel and bank sediments from the main river flow.  However, as noted above, some hydraulic 
connection would need to be maintained between the river and the sediments left in place so that 
current water levels in the sediments are approximately maintained.  Moderate disruption of 
wetlands could be expected during construction due to heavy equipment access requirements.  
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Certain designs of grout-filled fabric allow for unfilled portions that can be cut out and planted or 
filled with topsoil and seeded.   

4.2.6 Alternative 5 – Dam Removal, Partial Sediment Removal with Channelization, 
Leachate Collection/Treatment plus Groundwater ICs and Natural Attenuation 
within the Aquifer Plume 

Alternative 5 includes the removal of the Milltown Reservoir Dam and a one-time sediment 
removal to create deeper CFR and BFR channels upstream of the dam.  The upstream channels 
would be reconstructed and armored to be compatible with the river bottom grade after dam 
removal and they will be sized for a 100-year storm event. In addition, leachate would be 
collected and treated from metals-impacted sediments left in place.  Groundwater ICs would be 
similar to those described in Section 4.2.2.4, but would be tailored to suit the specific 
requirements associated with this alternative, such as reducing the extent of a controlled 
groundwater area if leachate collection and natural attenuation were shown to be effective in 
permanently decreasing the extent of the arsenic plume.   Figures 4-7 and 4-8 present conceptual 
illustrations of Alternative 5 in plan-view and cross-section. 

4.2.6.1 Sediment Removal, Transportation, Dewatering and Disposal 

A limited one-time sediment removal (approximately 700,000 cy, Table 4-6) would be 
implemented, using hydraulic cutterhead dredging, to construct a channel with adequate capacity 
to convey a 100-year design flow.  This constructed channel will need to begin upstream of Duck 
Bridge and  tie into the existing gravel riverbed downstream of the dam. 

Options for removal, transportation, dewatering, disposal, and channelization are described in 
Sections 4.2.5.1, 4.2.5.2, 4.2.5.3, 4.2.5.4 and 4.2.5.5, respectively.  Sediment removal volumes, 
transportation/disposal options, water volumes, and timeframes are similar to Alternative 3B.  
Reach gradient would be increased by removal of Milltown Dam; therefore flow depths in the 
reconstructed channels during a 100-year flood event would be less than what would occur under 
Alternative 3B.  As discussed in Appendix D4, the 100-year flood flow depth in the 
reconstructed channel with the dam removed would be approximately 12 feet; versus 21 feet 
with the dam left in place.  Therefore raised dikes on the channel banks would not be necessary 
to contain a 100-year flood event under Alternative 5.  However, flow velocities during flood 
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events would be higher under Alternative 5 requiring larger riprap to protect the reconstructed 
channel sides from erosion. 

4.2.6.2 Leachate Collection and Treatment  

Leachate collection/treatment involves installing interception trenches (french drains) with 
pumping wells (sumps) along the perimeter of the reconstructed channel to intercept 
groundwater percolating through impacted materials prior to discharge to the reconstructed 
channels.  The interception trenches would need to be set back from the river to minimize inflow 
of surface water.  The trenches would be constructed to a depth of 15 to 30 feet between the 
sediments left in place and the reconstructed channel in areas where the sediments have a high 
potential for generating metals elevated leachate.  As delineated on Figure 4-7, the area 
considered to represent the greatest potential for generating concentrated leachate is represented 
by the area where sediment pore water dissolved arsenic concentrations currently exceed 0.1 
mg/l (identified as the source sediment area).  Currently, dissolved copper concentrations are less 
elevated in the source sediment area because copper solubility is relatively low under the 
reducing conditions that are present in the saturated sediments.  However, as a result of the drop 
in river stage (due to dam removal) the sediment water table is expected to drop.  This will likely 
result in oxidizing conditions within the sediments which will increase dissolved copper 
mobility.  Therefore, it is assumed that the leachate collection trench would need to extend along 
the northeast side of the 5,000 foot-long reach of the CFR upstream to Duck Bridge and the 
south side of the 1,500 foot-long reach of the BFR from the CFR confluence upstream to the I-90 
overpass to intercept leachate from the delineated source sediment area. 

The need to construct a leachate collection barrier between the Accumulation Area II sediments 
and the CFR is not included in this Alternative because it is assumed these lower concentration 
sediments would be less likely to produce concentrated leachate than the Accumulation Area I 
source sediment area.  However, if sediment dewatering after dam removal and the resultant 
change in geochemical conditions within the Accumulation Area II sediments causes release of 
significant amounts of dissolved copper or other constituents to the surface water, construction of 
a second leachate collection system on the south side of the CFR, or alternative mitigation 
measure such as sediment capping, could ultimately be required under this alternative. 

The collected leachate likely would require treatment in an on-site treatment system to achieve 
applicable standards prior to discharge into the reconstructed channel.  The treatment system 
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would need to be sized to facilitate treatment of approximately 0.5 to 5 million gallons per day of 
collected leachate.  The low end of the volume range is based on the 1 million gallons per day 
estimated current horizontal and vertical flux of groundwater through Accumulation Area I 
sediments [as determined through radius of influence evaluations performed for the sediment 
pore water extraction alternative in the 1996 FS (ARCO 1996, Appendix I1)] reduced by half to 
reflect potential lower release rates after sediment water levels drop with removal of Milltown 
Dam.  The high end of the leachate collection volume range reflects the likelihood that the 
sediment leachate collection system will collect additional water coming from the river or the 
alluvial aquifer.  The leachate collection and treatment system would need to operate indefinitely 
as long as metals release from the left in place impacted sediments presents a loading risk to the 
CFR.  The treatment system would generate sludge that would require continued disposal in a 
suitable facility over the entire period of plant operation.  

4.2.6.3 Natural Attenuation within Aquifer Plume 

Alternative 5 would be expected to reduce contaminant loading to the alluvial aquifer beneath 
and downgradient of Milltown through three mechanisms: 

1. Reduction in flux rate of sediment pore water entering the aquifer – Given their hydraulic 
connection, the lowering of surface water levels in the reservoir due to dam removal (by 
up to 30 feet immediately upstream of the current dam location) would likely result in a 
similar amount of lowering in lower reservoir (i.e., downstream of Duck Bridge) 
sediment water levels.  However, the drop of surface water levels would be predicted to 
have a much less significant effect on water levels in the underlying alluvial aquifer 
because: (1) hydraulic interaction between the aquifer and the portions of the surface 
water bodies with lowered water levels surface water levels is restricted to the short reach 
between the constructed drop structures and the former dam location; and (2) currently 
the alluvial aquifer flow is mainly recharged from upgradient aquifer flow which would 
likely continue to largely control aquifer water levels even after a change in local surface 
water levels.  Lower sediment water levels relative to water levels in the underlying 
aquifer would reduce or potentially even reverse the current downward hydraulic gradient 
from the sediments into the underlying aquifer which, in turn, would reduce the flow rate 
of metals and arsenic impacted sediment pore water entering the aquifer. 
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2. Geochemically changes which likely reduce arsenic solubility while increasing copper 
solubility - The partial dewatering of the left-in-place sediments would likely reduce the 
relative amount of sediments exposed to the transitory reducing conditions that 
geochemically favor release and transport of dissolved arsenic.  However, partial 
sediment dewatering would likely expose additional sediments to the oxidizing 
conditions that favor sulfide oxidation and potential release of additional dissolved 
copper. 

3. Leachate collection system pumping - In addition to its design purpose of preventing 
sediment leachate from discharging to the Clark Fork and Blackfoot Rivers, active 
pumping of the water from the leachate collection trench system should further reduce 
the current hydraulic gradient and water flux from the sediments into the aquifer beneath 
Milltown. 

Assuming the measures described above were effective in reducing loading of at least arsenic to 
the alluvial aquifer it would be expected that the natural attenuation processes described in 
Section 4.2.3.2 would further reduce aquifer contaminant concentrations and plume extent over 
time. 

4.2.6.4 Dam Removal 

Dam removal involves the complete decommissioning of the Milltown Dam.  The objective of 
dam removal would be to eliminate the potential for sudden releases of contaminated sediments 
from the reservoir and to minimize the potential for future accumulation of sediments.  Dam 
removal would be completed after completion of the sediment removal and channelization/drop 
structure construction work. 

Removal of the dam would presumably be performed during low flow periods (i.e., July through 
March) to minimize sediment discharge potential.  One to two construction seasons are estimated 
to be required to complete the dam removal work.  The U.S. Army Corps of Engineers (USACE) 
(Appendix I1, Technical Report on Evaluation of Dam Removal Costs) assumed that dam 
removal would involve: 

1. Removing the non-overflow section of the dam; 

2. Installing a cofferdam/culvert system to pass river water around the dam; 
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3. Installing a cofferdam upstream and downstream of the dam to allow work in the dry; 

4. Removal of the powerhouse and spillway using a combination of demolition 
techniques (e.g., drilling and blasting, impact hammer); 

5. Removal of the cofferdams and culvert system; and 

6. Site grading, seeding and installation of bank protection. 

4.2.6.5 Drop Structures 

Drop structures would need to be constructed on the CFR and BFR at the upstream ends of the 
removed/reconstructed channels to mitigate upstream headcutting associated with removal of the 
dam and the resultant drop in river base level.  There are a number of different types of drop 
structures that could be employed to mitigate the potential for head cutting.  Structures that 
utilize more natural gradients and vegetative armoring are available, and would provide a more 
natural appearing channel.  For cost estimating purposes the drop structures are assumed to be 
concrete structures spanning the width of the stream channels that drop the water elevation in a 
controlled manner over a distance using a series of small drops that would not present a fish 
passage barrier.  Additional information on potential drop structure design assumptions are 
provided in Attachment E to the alternative cost estimates provided in Appendix I1. 

4.2.7 Alternative 6A – Modification of the Dam and Operational Practices with Total 
Sediment Removal of the Lower Reservoir Area and Periodic Removal Thereafter, 
plus Groundwater ICs and Natural Attenuation in the Aquifer Plume 

Alternative 6A involves the initial removal and disposal of all of the metals-impacted sediments 
in the lower reservoir area (i.e., sediments downstream of Duck Bridge located northeast of the 
CFR and south of the BFR).  In addition, Alternative 6A includes the provisions for fish passage, 
modifications to the dam outflow works and reservoir operational controls identified in 
Alternative 2A.  This alternative would remove the thickest sediments, containing the highest 
concentration of metals.  In addition, if metals contaminated sediments re-accumulated to a 
degree that they represented a new risk to ground or surface water this alternative would include 
future removals of re-accumulated sediments.  For the purpose of costing and evaluating this 
Alternative it is assumed that additional periodic removals of re-accumulated sediments would 
be required after approximately half the initial removal (i.e., approximately 2.6 million cubic 
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yards of sediments) had re-accumulated in the lower reservoir.  Based on 1990-1997 suspended 
sediment input rates and capture efficiency estimates for the created basin, it is estimated that 2.6 
million cubic yards of sediment could re-accumulate in the reservoir in approximately 20 years 
(Appendix D5).  This estimate is conservative, as periodic natural scour of accumulated 
sediments during high flow events may reduce the rate of sediment re-accumulation, and thus 
extend the period between periodic removals. 

A portion of the sediments to be removed under this alternative were identified as the source 
sediments with pore water arsenic concentrations sufficient to cause exceedances of state 
standards in the alluvial aquifer.  A goal of this alternative would be to reduce or eliminate the 
groundwater arsenic plume by removing the source sediment area and allowing the natural 
attenuation processes described in Section 4.2.3.2 to restore the aquifer over time.  However, it is 
assumed that the alternative may need to include some of the groundwater ICs described in 
Section 4.2.2.4, at least as a temporary measure during and immediately after construction.  
Figures 4-9 and 4-10 present conceptual illustrations of Alternative 6A in plan-view and cross-
section. 

4.2.7.1 Sediment Removal, Transportation, Dewatering, and Disposal 

The initial removal of the lower reservoir sediments would involve removal of approximately 5.2 
mcy (Table 4-2) of sediments.  Subsequent periodic removals were assumed to occur when a 
volume of sediments approximately equivalent to half the volume removed under the initial 
removal had re-accumulated.  General options for hydraulic removal, transportation, dewatering, 
water treatment, and disposal, are described in Sections 4.2.4.1, 4.2.4.2, 4.2.4.3, 4.2.4.4 and 
4.2.4.5, respectively.  Additional details specific to Alternative 6A are described below.   

Assuming truck/rail transport with “dry” disposal of removed sediments is utilized, this 
alternative would seek to maximize the amount of sediments that could be excavated dry using 
mechanical (i.e., conventional excavation equipment) rather than hydraulic dredging techniques.  
As discussed in Appendix D3-3, by implementing the removal during low flow periods only and 
using the dam’s radial gate to drop water levels in the reservoir (to passively dewater additional 
sediments in-situ) it may be possible to excavate approximately 50% of the sediments 
mechanically, thereby minimizing the amount of water generated that would require treatment.  
An evaluation was performed (Appendix D3-3) to determine if a dam bypass/dewatering channel 
could be cost-effectively used to  dewater additional sediments in-situ and thus further increase 
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the amount of sediments that could be mechanically excavated.  However, as discussed in 
Appendix D3-3 the additional dewatering effect provided by a surface water bypass channel  
would be limited by the water that would continue flowing into the sediments from the 
underlying prolific aquifer.  The small additional amount of sediment anticipated to be dewatered 
by a bypass channel would likely result in less cost savings from water treatment than would be 
spent on constructing the bypass, making this option non-cost effective.  In addition there would 
be potential implementability and safety/stability issues associated with constructing the bypass 
channel adjacent to I-90 or through the right abutment of Milltown Dam.  Therefore, the 
remaining 50% of the sediments are assumed to be removed by hydraulic cutterhead dredging 
under the “dry” disposal option.  If the sediments are to be transported via slurry pipeline to a 
“wet” disposal facility it is assumed that the reservoir would be maintained at full pool elevation 
and all sediments would be removed using hydraulic dredging techniques. 

It is estimated that approximately seven construction seasons would be necessary to complete the 
sediment removal actions for Alternative 6A (Table 4-7).  The sediment removal area would 
initially become a “reservoir lake” after the removal because no backfill would be placed to 
replace the removed sediments.  However, over time sediments would gradually reaccumulate in 
the removed areas as upstream sediments deposit in the slack water.  It would take many decades 
for the reservoir to completely fill in to recreate its current sediment volume and “run of the 
river” reservoir planform.  However, for the purpose of CFS evaluations and costing it is 
assumed the new sediments would be removed by dredging after approximately 2.6 million cubic 
yards had re-accumulated.  The 2.6 million cubic yard periodic removal basis represents about 
half of the initial removal volume and was selected to represent the point at which sediment had 
re-accumulated to the degree that it could effect the removal efficiency provided by the created 
sedimentation basin and/or potentially impact surface or groundwater quality. 

4.2.8 Alternative 6B – Modification of the Dam and Operational Practices with Total 
Sediment Removal of the Entire Reservoir and Periodic Removal Thereafter, plus 
Groundwater ICs and Natural Attenuation in the Aquifer Plume 

Alternative 6B involves the removal and disposal of sediments of the entire reservoir area as well 
as provisions for the fish passage, modifications to the dam outflow works and reservoir 
operational controls identified in Alternative 2A.  This alternative would be designed to remove 
all of the impacted sediments within the reservoir area.  In addition, if metals contaminated 
sediments re-accumulated to a degree where there was potential risk to ground or surface water, 
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this alternative would include future removals of re-accumulated sediments from the lower 
reservoir area only.  For the purpose of costing and evaluating this Alternative it is assumed that 
additional periodic removals of re-accumulated sediments would be required after approximately 
2.6 million cubic yards of sediments had re-accumulated in the lower reservoir.  As noted under 
Alternative 6A and calculated in Appendix D5 this is conservatively estimated to occur 
approximately every 20 years. 

Similar to Alternative 6A, a goal of this alternative would be to reduce or eliminate the 
groundwater arsenic plume by removing the source sediment area (i.e., the area of sediment pore 
water arsenic concentration above 0.1 mg/l delineated on Figure 1-2) and allowing the natural 
attenuation processes described in Section 4.2.3.2 to restore the aquifer over time.  However, it is 
assumed that the alternative may need to include some of the groundwater ICs described in 
Section 4.2.2.4 at least as a temporary measure during and immediately after construction.  
Figures 4-9 and 4-10 present conceptual illustrations of Alternative 6B in plan-view and cross-
section. 

4.2.8.1 Sediment Removal, Transportation, Dewatering and Disposal 

A one-time sediment removal of the entire reservoir (approximately 8.9 mcy, Table 4-2) would 
be implemented, using hydraulic cutterhead dredging (for the slurry pipeline/wet disposal option) 
or a combination of mechanical excavation and hydraulic dredging using the dam radial gate to 
drop reservoir water levels as described for Alternative 6A (for the dry disposal option). Options 
for removal, transportation, dewatering, water treatment and disposal, are described in Sections 
4.2.4.1, 4.2.4.2, and 4.2.4.3, 4.2.4.4 and 4.2.4.5, respectively.  Approximately twelve 
construction seasons would be necessary to complete the sediment removal actions for 
Alternative 6B.  As with Alternative 6A, the 6B sediment removal area would initially be a 
reservoir lake that would, if left alone, gradually fill in as upstream sediments deposit.  The 
reservoir lake initially created upstream of Duck Bridge would be relatively shallow given that 
the removed sediments are not as thick as they are closer to the dam.  For the purpose of CFS 
evaluations and costing it is assumed the new sediments that accumulated in the lower reservoir 
would be removed by dredging after approximately 2.6 million cubic yards had re-accumulated.  
It is assumed that sediments re-accumulating in the upper reservoir would not be removed in a 
subsequent periodic removal because: (1) sediment deposition is expected to be predominantly in 
the deeper, slack water pool created in the lower reservoir with any deposits accumulating in the 
upper reservoir likely to be thin and therefore more difficult/expensive to remove; and (2) the 
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sediments re-accumulating in the upper reservoir area are likely to be coarser grained and 
therefore, lower in typical metals concentrations than the finer-grained sediments that would be 
more likely to deposit in the slower moving waters of the lower reservoir. 

4.2.9 Alternative 7A – Dam Removal and Total Sediment Removal of the Lower 
Reservoir Area plus Groundwater ICs and Natural Attenuation in the Aquifer 
Plume 

Alternative 7A is similar to Alternative 6A except that it includes the total decommissioning of 
the Milltown Dam.  In addition, partial backfill would be needed to reconstruct river channels 
and floodplains for lateral stability and to provide adequate substrate for establishment of 
vegetation.  Also, because the dam and reservoir are removed, significant deposition of 
sediments from upstream would not be expected.  Therefore, unlike for Alternative 6A periodic 
removals of re-accumulated sediments would not be required. 

Similar to Alternative 6A, a goal of this alternative would be to reduce or eliminate the 
groundwater arsenic plume by removing the source sediment area (i.e., the area of sediment pore 
water arsenic concentration above 0.1 mg/l delineated on Figure 1-2) and allowing the natural 
attenuation processes described in Section 4.2.3.2 to restore the aquifer over time.  However, it is 
assumed that the alternative may need to include some of the groundwater ICs described in 
Section 4.2.2.4 at least as a temporary measure during and immediately after construction. 

At the request of Missoula County, two Alternative 7A removal volume sub-options were 
developed including: 

• Alternative 7A1 – which assumes removal of all the reservoir sediments and 
reconstruction of natural channels and floodplains over the entire lower reservoir area. 

• Alternative 7A2 – which would leave the sediments located in Sediment Accumulation 
Area II in place.  These Area II sediments would be isolated from future Clark Fork 
River flows using riprap armor and sheet piling (i.e., similar to the methods used to 
isolate left in place sediments from surface flows under Alternatives 3B and 5, although, 
as noted below it may be possible to reconstruct the CFR channel north of its current 
location so that the riprap armor does not directly abut the channel).  Sediments in 
Accumulation Areas I and III would be removed as described under Alternative 6A and 
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these areas would be reconstructed as described for Alternative 7A1.  The need to 
construct a leachate collection barrier between the left-in-place sediments and the Clark 
Fork River is not included in this Alternative because it is assumed the lower 
concentration sediments in Accumulation Area II would be less likely to produce 
concentrated leachate than the Accumulation Area I sediments that were left-in-place 
with leachate collection under Alternative 5.  However, if sediment dewatering and the 
resultant change in geochemical conditions within the sediments causes release of 
significant amounts of dissolved copper or other constituents to the surface water, 
construction of a leachate collection system, or alternative mitigation measure such as 
sediment capping or future removal of Accumulation Area II sediments, could 
ultimately be required under this alternative suboption.  

In accordance with EPA’s directions, implementation of Alternative 7A1 is assumed for 
evaluating this alternatives performance against the various CFS detailed analysis criteria with 
Alternative 7A2 only evaluated under the cost analysis.  Figures 4-11 and 4-12 present 
conceptual illustrations of Alternative 7A1 in plan-view and cross-section.  Figures 4-13 and 4-
14 present plan-view and cross-sections of Alternative 7A2. 

4.2.9.1 Sediment Removal, Transportation, Dewatering and Disposal 

Under Alternative 7A1 a one-time sediment removal of the entire lower reservoir (approximately 
5.2 mcy, Table 4-2) would be implemented using hydraulic cutterhead dredging (for a slurry 
pipeline/wet disposal option) or a combination of mechanical excavation and hydraulic dredging 
using the dam radial gate to drop reservoir water levels as described for Alternative 6A (for a dry 
disposal option).  Options for hydraulic removal, transportation, dewatering, water treatment, and 
disposal, are described in Sections 4.2.4.1, 4.2.4.2, 4.2.4.3, 4.2.4.4 and 4.2.4.5, respectively.  
Disposal volumes, water volumes, options for mechanical removal, water treatment, 
transportation, and removal timeframes are similar to Alternative 6A. 

Sediment removal under Alternative 7A2 would be implemented as described for Alternative 
7A1, except that excluding Accumulation Area II would reduce the anticipated removal volume 
by approximately 19% to approximately 4.2 mcy.  Up to 1 mile of sheet piling would need to be 
installed along the boundary between Accumulation Areas II and III in advance of dredging to 
minimize the amount of Area II sediment sloughing into the removal area. 
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4.2.9.2 Floodplain/Channel Reconstruction 

For the purpose of estimating floodplain backfill and channel reconstruction requirements a 
section of the CFR upstream of the reservoir (identified as Subreach C-6 in the CFR  Riparian 
Report) (ARCO 1996) was used as a template.  As discussed in the “Comparison of Upstream 
Channel to Reconstructed CFR Reach” calculation provided as Attachment D to the Alternatives 
Cost Evaluations (Appendix I1), it is estimated that reconstructing the floodplain and channels in 
the Alternative 7A1 removal area consistent with the upstream template would require:  

1. approximately 0.5 mcy of floodplain backfill; and 

2.  construction and shaping of approximately 6,700 feet of new channel (i.e. 5,400 feet of 
CFR channel and 1,300 feet of BFR channel; new channel length is estimated based on 
approximately recreating the 1.2 average sinuosity of the template reach). 

Required backfill quantities would be reduced to approximately 0.4 mcy under Alternative 7A2.  
Backfill is assumed to be a combination of general fill for floodplain regrading and 18 inches of 
topsoil to provide growth media. 

Based on the Subreach C-6 template, it is assumed that the reconstructed Clark Fork and 
Blackfoot River stream channels would be approximately 150 feet wide with a typical water 
depth of approximately 4 feet under average flow conditions.  It is assumed that the native 
alluvium exposed after the removal of the overlying sediments would be acceptable as bed 
material for the reconstructed channels.  Therefore, importing and placing channel bed gravel 
was not included in either Alternative 7A1’s or 7A2’s cost estimates.  Streambanks would be 
reconstructed at a bankfull height that allows for out of bank flow when flows exceed a 1.5 to 2 
year return interval.  Bank stabilization of the reconstructed channels would be necessary to 
maintain geomorphic stability.  Stabilization could include softer bioengineering approaches 
using vegetation, degradable fabrics and deformable toe protection using smaller-sized rock 
riprap. 

In order to minimize the amount of channel grading and floodplain backfill required, it is 
assumed that the centerlines of the reconstructed channels would generally follow the line of 
minimum elevation in the post-removal exposed alluvium surface.  Presumably this line will 
approximately follow the route of the historic channels that existed at the time the dam was 
constructed and sediment deposition began.  The limited information available from historic 
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records suggests that the historic CFR channel downstream of Duck Bridge was positioned to the 
north of the current channel. 

Under Alternative 7A2 it is assumed the channel would be reconstructed a distance away from 
the sediments left in Accumulation Area II to allow construction of a partial floodplain between 
the channel and the left-in-place sediments.  The partial floodplain would provide a buffer 
between in-channel flows and the left-in-place sediments and would allow the river to access the 
floodplain on both sides during out of bank flows.  However, as shown on the post-floodplain 
reconstruction plan-view and cross-sections (Figures 13 and 14), it is assumed the sediments left 
in Accumulation Area II would need to be protected from erosion during large overbank flows 
by: (1) rock armoring the side of the sediments facing the CFR floodplain, and (2) constructing 
an upstream armored levee to divert flood flows away from the sediments. 

Approximately 161 acres of backfilled floodplain would require revegetation under Alternative 
7A1.  The size of the backfilled area that would require revegetation under Alternative 7A2 
would be reduced to approximately 117 acres.  As discussed in Appendix G1, it is possible that 
much of the reconstructed floodplain area could be restored/revegetated as riparian wetlands.  
However, wetlands lost in Sediment Accumulation Area II under Alternative 7A2 (due to 
dewatering of the left in place sediments after removal of Milltown Dam) would likely not be 
able to be restored in-place. 

4.2.9.3 Dam Removal 

As in Alternative 5, dam removal involves the complete decommissioning of the Milltown Dam 
with the objective of preventing the accumulation of additional upstream sediments.  The 
specific procedures and timeframe for removal of the dam are described in Section 4.2.6.3.   

4.2.9.4 Drop Structures 

Drop structures would be required on the BFR and CFR channels at the upstream end of the 
lower reservoir removal area to provide a controlled drop in river water levels as the BFR and 
CFR enter the sediment removal area and to mitigate the potential for upstream headcutting.  
Drop structure design assumptions are discussed in Section 4.2.6.4 and Attachment E to 
Appendix I1. 
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4.2.10 Alternative 7B – Dam Removal and Total Sediment Removal of the Entire 
Reservoir Area 

Alternative 7B is similar to Alternative 6B except it includes the total decommissioning of the 
Milltown Reservoir Dam.  In addition, partial backfill would be needed to reconstruct river 
channels and floodplains for lateral stability and provide adequate substrate for establishment of 
vegetation.  Figures 4-12 and 4-13 present conceptual illustrations of Alternative 7B in plan-view 
and cross-section. 

4.2.10.1 Sediment Removal, Transportation, Dewatering and Disposal 

A one-time sediment removal of the entire reservoir (approximately 8.9 mcy, Table 4-2) would 
be implemented using hydraulic cutterhead dredging (for a slurry pipeline/wet disposal option) 
or a combination of mechanical excavation and hydraulic dredging using the dam radial gate to 
drop reservoir water levels as described for Alternative 6A (for a dry disposal option).  Options 
for hydraulic removal, transportation, dewatering, water treatment and disposal, are described in 
Sections 4.2.4.1, 4.2.4.2, 4.2.4.3, 4.2.4.4 and 4.2.4.5, respectively.  Disposal volumes, water 
volumes, options for mechanical removal, transportation, water treatment, and timeframes are 
similar to Alternative 6B.   

4.2.10.2 Floodplain/Channel Reconstruction, Dam Removal and Drop Structures 

Floodplain/channel reconstruction and dam removal are similar to Alternative 7A1.  Only one 
drop structure (on the BFR) is assumed to be needed under Alternative 7B as the sediment 
removal in the upper reservoir area should approximately tie in to the existing CFR gravel 
riverbed elevation upstream of the reservoir (see Section 4.2.6.4 and Appendix I1).  Floodplain 
backfill volumes, channel/streambank reconstruction lengths and floodplain revegetation 
acreages would be increased in Alternative 7B (due to the inclusion of the reservoir area 
upstream of Duck Bridge) to approximately 1.6 mcy, 13,420 feet (i.e. 12,120 for the CFR and 
1,300 feet for the BFR) and 508 acres respectively (see “Comparison of Upstream Channel to 
Reconstructed CFR Reach” in Attachment D to Appendix I1). 



Draft Combined Feasibility Study  96  
  

H:\Projects\MILLTOWN\Combined FS\Oct 31 Submittal\PDF\Electronic files\text\Milltown Combined FS Oct 31 Submittal.doc 

 

5.0 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

This section presents a detailed evaluation of the remedial alternatives remaining after the 
development and screening of alternatives, as presented in Section 4.0.  The detailed analysis of 
alternatives consists of an assessment of individual alternatives against each of nine evaluation 
criteria and a comparative analysis that focuses upon the relative performance of each alternative 
against those criteria [40 CFR 300.430(e)(9)(ii)].  The analysis lays out the performance of each 
alternative in terms of overall protection of human health and the environment, compliance with 
ARARs, long-term effectiveness and permanence, reduction in toxicity, mobility or volume 
through treatment, short-term effectiveness, implementability and costs.  The assessment of 
overall protection draws on the assessments conducted under other evaluation criteria, especially 
long-term effectiveness and permanence, short-term effectiveness and compliance with ARARs.  
State and community acceptance will also be assessed, although definitive assessments of these 
factors cannot be completed until the public comment period on the RI/FS and the proposed plan 
is completed.  [Preamble to the Final NCP, 55 Fed. Reg. 8719 (March 8, 1990).]  Therefore, in 
this section each alternative is assessed against the threshold and balancing criteria for 
evaluation, as defined in the NCP (40 CFR 300.4430 [e][9][iii]) and in  “Guidance for 
Conducting Remedial Investigations and Feasibility Studies under CERCLA” (EPA 1988).  
Assessment of the modifying criteria of state and community acceptance will be completed by 
EPA following comment on the proposed plan.   

The purpose of completing a detailed analysis of the remedial action alternatives is to provide 
sufficient information to allow decision-makers to compare alternatives using these evaluation 
criteria and to select a site remedy.  The criteria used in the analysis are described in Section 5.1.  
The results of the detailed analysis are presented in Section 5.2 and summarized by relative 
achievement by criteria in Tables 5-1 and 5-2.  Table 5-1 provides a breakdown by relative 
achievement against sub-categories within the individual balancing and threshold criteria.  Table 
5-2 summarizes overall achievement against each of the balancing and threshold criteria.   

5.1 Criteria for Evaluation  

As stated above, nine criteria are defined in the NCP for evaluation of remedial alternatives.  The 
nine criteria are divided into three categories (threshold, balancing, and modifying criteria) and 
are as follows:  
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Threshold Criteria  

• Overall Protection of Human Health and the Environment 

• Compliance with ARARs 

Balancing Criteria 

• Long-term Effectiveness and Permanence 

• Reduction of Toxicity, Mobility, or Volume Through Treatment 

• Short-term Effectiveness 

• Implementability 

• Cost 

Modifying Criteria 

• State Acceptance  

• Community Acceptance 

The presentation in the CFS is based on an evaluation of the major trade-offs among the 
alternatives in terms of nine evaluation criteria.  Remedy selection will involve the careful 
weighting of these alternatives as described in 40 CFR Section 300.430(f).    Remedial 
alternatives must be protective of human health and the environment and comply with ARARs 
(or waived as authorized by CERCLA Section 121(d)(4)).  These are the two threshold criteria 
from among the nine criteria. Preamble to the Final NCP, 55 Fed. Reg. 8724 (March 8, 1990).  
The lead agency, in consultation with the support agency, balances the trade-offs, identified in 
the detailed analysis, among alternatives with respect to: (1) long-term effectiveness and 
permanence; (2) reduction of toxicity, mobility or volume through treatment; (3) short-term 
effectiveness; (4) implementability and (5) cost.  The NCP describes this analysis as the primary 
balancing of these five factors, which follows consideration of the two threshold criteria.  The 
NCP Preamble states that EPA gives additional weight to the first two of these balancing criteria.  
Recent administrative reforms [Rules of Thumb for Superfund Remedy Selection (EPA 540-R-
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97-013, August 1997), The Role of Cost in the Superfund Remedy Selection Process (EPA 540-
F-96-018, September 1996)] emphasize the cost effectiveness as well.  State and community 
acceptance are factored into a final balancing which determines the remedy, as modifying 
criteria.  See 40 CFR 300.430(f)(1).  However, as explained previously, the modifying criteria, 
state acceptance and community acceptance, are addressed by the regulatory agencies after 
presentation of the RI/FS and the proposed plan to the public and therefore are not evaluated in 
this CFS. 

5.1.1 Threshold Criteria  

5.1.1.1 Overall Protection of Human Health and the Environment 

Under this criterion, the alternatives are assessed to determine whether they protect human health 
and the environment.  The overall protection of human health and the environment criterion 
relies on assessments conducted under other evaluation criteria, especially long-term 
effectiveness and permanence, short-term effectiveness, and compliance with ARARs (EPA 
1988).  Evaluation of the overall protectiveness of an alternative focuses on whether a specific 
alternative achieves adequate protection and describes how site risks, posed through each 
significant transport or exposure pathway, are eliminated, reduced or controlled through 
treatment, engineering controls or ICs .  This evaluation also allows for consideration of whether 
an alternative poses any unacceptable short-term or cross-media impacts (EPA 1988).  Protection 
of human health and the environment is a risk-based criterion.  The evaluation  of potential risks 
that site conditions pose to human health and the environment at the MRSS are made in the 
Baseline Human Health, Ecological (including the Addendum) and Continuing Releases Risk 
Assessments presented in Section 1.4.  

5.1.1.2 Compliance with Applicable or Relevant and Appropriate Requirements 

The alternatives are assessed to determine whether they meet ARARs under federal 
environmental and state environmental and facility siting laws. The following potential ARARs 
are evaluated for compliance:   

• Contaminant-specific ARARs: Contaminant-specific ARARs include federal and state 
ground water, air, and surface water standards or criteria. 
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• Location-specific ARARs: Location-specific ARARs require protection of particular 
unique resources, including the floodplain, fish and wildlife, streambed, cultural and 
historic resources, threatened and endangered species and wetlands; 

• Action-specific ARARs: Action-specific ARARs include regulations addressing the 
handling, transportation, and storage of solid wastes; reclamation requirements for 
mining; control of stormwater runoff, BMPs, and dredge and fill; and FERC requirements 
for dam maintenance and modification; and 

• Other Laws: “Other Laws” are requirements such as  occupational safety and health 
regulations, public water supply requirements for modification of any public water supply 
line or sewer line, water rights, etc.   

ARARs are discussed in Section 3.0.  The federal and state preliminary ARARs issued by the 
EPA are provided in Appendix B2 . For each alternative, the evaluation of compliance with 
ARARs will address whether the ARARs can be met and, if not, whether a waiver is appropriate 
(EPA 1988).  The specific grounds upon which ARARs may be waived are specified in 
CERCLA and the NCP and summarized in Section 3.3. 

5.1.2 Balancing Criteria  

5.1.2.1 Long-term Effectiveness and Permanence 

The long-term effectiveness and permanence criterion primarily addresses the risk remaining at 
the site after RAOs and Remedial Action Goals (RAGs) have been achieved.  The Preamble to 
the Final NCP, 55 Fed. Reg. 8720 (March 8, 1990) states that “The analysis under this criterion 
focuses on any residual risk remaining at the site after the completion of the remedial action.  
This analysis includes consideration of the degree of threat posed by the hazardous substances 
remaining at the site and the adequacy and reliability of any controls (e.g., engineering or ICs ) 
used to manage the hazardous substances remaining at the site.”  The components of the criterion 
are used to assess (EPA 1988):  

• Magnitude of risks remaining after completion of the closure of remedial action; and  

• The adequacy and reliability of controls that are used to manage untreated wastes or 
treatment residuals remaining at the site, including: 
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• Type, degree, and duration of post-closure care required, including, but not limited to, 
operation and maintenance (O&M), monitoring, inspection, reports, and other 
activities which will be necessary to protect human health and the environment; 

• Potential for exposure of humans and environmental receptors to COCs remaining at 
the facility;  

• Long-term reliability of any engineering and  ICs ; and  

• Potential need for replacement of components of the remedy. 

5.1.2.2 Reduction of Toxicity, Mobility, or Volume Through Treatment 

This criterion addresses the selection of remedial actions that employ treatment technologies that 
permanently and significantly reduce toxicity, mobility, or volume of the impacted substance as 
their principal element.  This criterion is used to assess (EPA 1988):   

• Treatment or recycling processes that alternatives employ and materials they will treat; 

• Volume of contaminated media to be treated or destroyed; 

• Degree of expected reduction in toxicity, mobility, or volume;  

• Degree to which treatment of wastes will be irreversible; 

• Type and quantity of the treatment residuals; and  

• The degree to which treatment reduces the inherent hazards posed by principal threats at 
the site.    

5.1.2.3 Short-term Effectiveness 

This evaluation criterion addresses the effect of the remedial alternative on human health and the 
environment during the construction and implementation of the remedial action.  The short-term 
effectiveness criterion is based on the following factors:   
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• Short-term risks that may be posed to the community, workers, or the environment during 
implementation of the remedy, and the effectiveness and reliability of protective 
measures during implementation; and  

• Time until protection is achieved as represented by meeting the RAOs/RAGs defined in 
Section 2.0.  Note that EPA identified meeting State WQB-7 surface and groundwater 
quality standards.  Therefore the CFS evaluation of time until protection is achieved 
estimates the time frame required until WQB total recoverable metals concentration 
standards for aquatic life are met downstream of the dam.  As discussed under long-term 
effectiveness residual risk evaluations, aquatic risk is more appropriately evaluated by 
comparing the dissolved metals concentrations to site-specific, risk-based criteria, 
consistent with EPA recommendations (EPA 1992 Interim Guidance on Interpretation 
and Implementation of Aquatic Life Criteria and Metals). 

Examples of short-term effectiveness concerns include increased traffic accident risks on local 
roads related to remediation, increases in turbidity and relative habitat disruption due to 
construction, and the length of time until RAOs/RAGs are attained.   

5.1.2.4 Implementability 

This criterion refers to the technical and administrative feasibility of implementing an alternative 
and the availability of various materials and services required during its implementation.  The 
following factors are considered during implementability analysis: 

Technical Feasibility: The relative ease of implementing or completing a remedial 
alternative considering physical constraints and the previous use of established 
technologies, such, as: 

• Technical difficulties and unknowns associated with construction and operation of a 
technology;  

• Reliability or the ability of a technology to meet specified process efficiencies or 
performance goals; 

• Ease of undertaking future remedial actions that may be required; and  
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• Ability to monitor the effectiveness of the remedy. 

Administrative Feasibility: Activities needed to coordinate with other offices and 
agencies and the ability and time required to obtain any necessary approvals and permits 
from other agencies (for off-site actions).    

Availability of Materials and Services: The availability of the technologies (materials 
or services) required to implement an alternative.  The following items are considered:   

• Availability of adequate off-site treatment, storage capacity, and disposal services;   

• Availability of necessary equipment, specialists, and provisions to ensure any 
necessary additional resources;  

• Timing of availability of technologies under consideration; and  

• Availability of services and materials, plus the potential for obtaining competitive 
bids that may be particularly important for innovative technologies. 

5.1.2.5 Cost 

Cost estimates for each remedial alternative include direct and indirect capital costs, annual 
O&M costs, and periodic  costs and are defined by EPA (EPA 2000b) as follows:   

Capital Costs Capital costs are those expenditures that are required to construct a 
remedial action.  They are exclusive of costs required to operate or maintain the action 
throughout its lifetime.  Capital costs consist primarily of expenditures initially incurred 
to build or install the remedial action (e.g., construction of a groundwater treatment 
system and related site work). 

Capital costs include all labor, equipment, and materials costs, including contractor 
markups such as overhead and profit, associated with activities such as 
mobilization/demobilization; monitoring; site work; installation of extraction, 
containment, or treatment systems; and disposal.  Capital costs also include expenditures 
for professional/technical services that are necessary to support construction of the 
remedial action. 
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Annual O&M Costs Operation and maintenance (O&M) costs are those post-
construction costs necessary to ensure or verify the continued effectiveness of a remedial 
action.  These costs are estimated mostly on an annual basis. 

Annual O&M costs include all labor, equipment, and material costs, including contractor 
markups such as overhead and profit, associated with activities such as monitoring; 
operating and maintaining extraction, containment, or treatment systems; and disposal.  
Annual O&M costs also include expenditures for professional/technical services 
necessary to support O&M activities. 

Periodic Costs  Periodic costs are those costs that occur only once every few years (e.g., 
five-year reviews, equipment replacement) or expenditures that occur only once during 
the entire O&M period or remedial timeframe (e.g., site close-out, remedy 
failure/replacement).  These costs may be either capital or O&M costs, but because of 
their periodic nature, it is more practical to consider them separately from other capital or 
O&M costs in the estimating process. 

Using the above definitions and the descriptions of the remedial alternatives presented in Section 
4 and in Appendices D1 through D6, individual work items/work scopes were identified for the 
remedy components included in each alternative.  Costs, in current dollars, were then assigned to 
these alternative work items/remedy components based on historical data, published cost guides 
or vendor quotes.  These current dollar costs are then converted to an equivalent present value 
(PV) cost by determining the timing of the costs and discounting future costs using the 7% 
discount rate recommended in EPA Guidance (EPA 1988 and EPA 2000b).  Both non-
discounted current (identified as “total”) and discounted PV dollar costs are provided for each of 
the alternatives. 

FS cost estimates are intended to provide an accuracy in the range of +50% to –30% (EPA 1988 
and EPA 2000b).  However, cost uncertainties for some Alternative remedy components that are 
difficult to tie down at this stage in the process may be greater than the FS cost range goal.  
Therefore, as a supplement to the base cost estimate a cost sensitivity analysis was completed to 
try to define the effect on alternative costs of potential variability in the costs of certain remedy 
components.  The remedy component cost estimates and assumptions used to estimate the total 
and PV cost of the alternatives retained for detailed analysis, along with the alternative cost 
sensitivity analysis, are presented in Appendix I1.   
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5.1.3 Modifying Criteria 

Although state and community involvement is sought throughout the RI/FS process, the 
modifying criteria are the final criteria considered before a Record of Decision (ROD) is issued.  
State or support agency acceptance and community acceptance relative to the alternatives 
evaluation are considered subsequent to agency presentation of the proposed plan and the public 
comment period and are addressed in the ROD.  The “Community” that has been involved in this 
project is diverse, including: local residents, landowners, The Confederated Salish and Kootenai 
Tribes, Milltown/CFR Technical Assistance Committee, MCCHD, local economic development 
groups and the Clark Fork Coalition, along with various state and federal agencies and the 
Responsible Parties.  

5.1.3.1 State Acceptance 

State acceptance evaluates the technical and administrative issues and concerns of the state and is 
assessed based on comments in project meetings and correspondence and comments on project 
documents, to the extent possible. The EPA and the MDEQ have jointly participated in the 
activities throughout the RI/FS process.  A final evaluation of state acceptance will be conducted 
by the EPA and therefore is not evaluated further in this CFS. 

5.1.3.2 Community Acceptance 

This assessment evaluates the concerns the public may have regarding each of the alternatives.  
As indicated above, community involvement has been sought throughout the RI/FS process. A 
final evaluation of community acceptance will be addressed by EPA after presentation of their 
proposed plan to the public and therefore is not evaluated further in this CFS. 

5.2 Detailed Analysis of Alternatives 

The following subsections and supporting appendix material present the detailed analysis of the 
retained remedial alternatives using the Threshold and Balancing criteria.  The results of each 
evaluation are discussed in text and then summarized by assigning a relative achievement of 
criterion score to each alternative using the following scale:   

• Low Achievement 
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• Low to Moderate Achievement 

• Moderate Achievement 

• Moderate to High Achievement  

• High Achievement 

Tables 5-1 and 5-2 present each alternatives’ relative achievement scores in tabular form.  Note, 
the No Further Action Alternative was predicted by the EPA to be not protective of human health 
and the environment.  Therefore, unlike the other alternatives, Alternative 1 is not assigned a 
rating score for relative achievement of the FS evaluation criteria in Tables 5-1 or 5-2 or in 
Section 5.2.1 text. 

5.2.1 Alternative 1 - No Further Action 

The No Further Action Alternative, is required by the NCP and this alternative provides the 
baseline conditions against which the other remedial alternatives are evaluated.  The No Further 
Action Alternative relies on the environment to maintain or reduce metal concentrations through 
physical and chemical processes.  The No Further Action Alternative also presumes that the 
Milltown Dam will continue to be regulated under the FERC License (Project No. 2543).  Other 
active ICs and additional measures under the No Further Action Alternative include procedures 
and requirements relating to operation and long-term maintenance and safety of the dam and 
reservoir and provisions for fish passage around the dam under FERC authority.   In addition, 
completed remedial actions, such as the Milltown Water Users Replacement Water Supply, and 
ongoing surface and groundwater monitoring programs are expected to continue in their current 
configuration under this alternative.  A detailed description of the No Further Action Alternative 
is presented in Section 4.2.1. 

Construction of the dam safety upgrades and fish passage are not requirements under CERCLA.  
Therefore, they will not be compared to the Threshold and Modifying criteria (except cost 
estimates) for the No Further Action Alternative and other alternatives evaluated.   
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5.2.1.1 Overall Protection of Human Health and the Environment 

There would be no change in risk from the current conditions because the constituents in the 
sediments at the MRSS would not be actively mitigated with the No Further Action.  The 
predicted performance of this alternative for protection of human health and the environment are 
discussed separately in the following paragraphs. 

Protection of Human Health 

Risk evaluations show that, with the exception of the potential for ingestion of arsenic-impacted 
groundwater, the human exposure pathways for MRSS COCs are not considered to be significant 
(Section 1.4.3).  Specific to potential human exposure to downstream surface water the release of 
sediments from the reservoir was determined to represent a low risk to human health even in the 
case of a catastrophic event (see Continued Releases Risk Assessment Executive Summary).  
The Human Health Risk Assessment did, however, find that future use of the arsenic-impacted 
aquifer beneath Milltown as a potable water supply would significantly increase human cancer 
risk.  Currently, this risk has been addressed because the replacement water supply serving the 
Milltown community combined with monitoring of plume extent and water quality in nearby 
domestic wells still in use prevent ingestion of impacted groundwater.  In the longer term (i.e., 
for the estimated 200 to 2000 years it will take for natural depletion to reduce reservoir sediment 
arsenic loading rates sufficiently to restore groundwater quality beneath Milltown) the No 
Further Action Alternative is considered to be less protective against the future potential for 
human exposure to impacted groundwater because it includes no active components to expedite 
restoration of the aquifer and no additional (ICs) (i.e., well bans and/or provisions for additional 
replacement water supplies) designed to assure that there is no future domestic use of impacted 
groundwater. 

Protection of the Environment 

Ecological studies of terrestrial and aquatic habitats in the reservoir indicated that direct contact 
with the metals found in the reservoir sediments posed minimal risk to the environment and no 
acute risks were identified (see original Baseline Ecological Risk Assessment discussion in 
Section 1.4.1). During typical or even relatively high flow conditions (at least up to the size of 
the 1997 spring runoff event) scour of reservoir sediments does not result in a significant 
increase in downstream metals concentrations in  the CFR compared to what would be expected 
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due to loading from upstream of the reservoir (see Appendix E2).  Of particular importance from 
a risk to aquatic life standpoint, a mass balance study found that, with the exception of Mn, the 
reservoir was not a net source of dissolved metals to the downstream surface water performed 
during the 1997 high flow event (Mickey 1998).  Also as discussed further under Long Term 
Effectiveness (see Section 5.2.1.3) a caged fish study conducted by MFWP during the 1997 high 
flow event did not identify an effect on fish growth, survival or health. 

Acute risks to aquatic life would result if the dam failed. However, this occurrence is remote, 
assuming compliance with FERC and/or state dam safety regulations is maintained.  The No 
Further Action Alternative would not address the potential for sediment scour and release in 
association with potential ice scour and emergency reservoir drawdown events such as occurred 
in February 1996 which did result in a net increase in downstream loading (see Appendix E3) 
and unacceptable risk to downstream aquatic life.  The EPA determined that copper may cause 
moderate acute risks to aquatic life from exposure to water below Milltown Dam during  events 
such as the 1996 ice scour (see BERAA  discussion in Section 1.4.2).   Federal AWQC and site 
specific TRVs may not be met if a serious ice scour/drawdown event occurred in the future. 

5.2.1.2 Compliance with ARARs 

The No Further Action Alternative would not reduce the magnitude of exceedances of WQB-7 
surface water standards during ice out/drawdown events, and may not comply with the 
Endangered Species Act (ESA) requirements related to hazardous substances impact on bull 
trout during ice out/drawdown events.  In addition, Alternative 1 would not reduce the magnitude 
or extent of exceedances of WQB-7 groundwater standards in the Milltown area aquifer.  This 
alternative would require a waiver of Montana Surface and Ground Water Quality Standards 
specified in WQB-7 but would comply with action-specific ARARs.  Additional discussion on 
the No Further Action Alternative’s compliance with contaminant-, location-, and action-specific 
requirements is provided in the following sections.   

Contaminant-Specific ARARs for Surface Water - The No Further Action Alternative’s 
predicted ability to comply with the State of Montana’s WQB-7 Surface Water Standards was 
analyzed separately for typical flow and high flow/ice scour conditions.  (Note: The predicted 
compliance with surface water ARARs evaluation for each of the CFS alternatives is based on 
comparing percentage of samples predicted to have concentrations above criteria levels after 
alternative implementation assuming use of a similar flow-weighted sampling frequency as is 
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currently being used by USGS.  However concentrations above criteria levels do not necessarily 
represent an “exceedance” because Federal and State regulations specify that a chronic 
exceedance does not occur unless the 96-hour or longer average concentration is above the 
criteria.  Therefore the analysis is meant to provide a relative measure of alternative performance 
only and is not meant to be an evaluation of exceedances from a regulatory or legal standpoint).   

Under typical flow conditions, the ability of Alternative 1 to comply with WQB-7 surface water 
standards can be approximately predicted using current condition water quality data for the CFR 
above Missoula USGS sampling station (Note: For simplicity, all the CFS alternatives water 
quality predictions ignore the potential for a decrease in metals loading from upstream that may 
occur due to upstream Superfund cleanup or other activities.  Upstream stations (CFR at Turah 
and BFR near Bonner) are included in the WQB-7 compliance evaluation to represent Milltown 
Reservoir influent water quality conditions.  For the entire data set of 3 USGS sites over the 
1985-1999 period of record (Appendix E1), the CFR station at Turah had the greatest percentage 
of samples above WQB-7 standards with total recoverable copper (at 57% of samples above 
acute and 68% of samples above chronic criteria), being the constituent whose concentrations 
were most frequently above the criteria.  Total recoverable copper concentrations were above 
WQB-7 standards less frequently at the CFR above Missoula station (with 32% of samples above 
acute and 39% above chronic criteria) and least frequently at the BFR station near Bonner (with 
20% of samples above acute and 31% above chronic criteria).  Based on the existing data, water 
quality on the CFR downstream of the reservoir complies with WQB-7 standards more often 
than is the case for the CFR upstream of Milltown Reservoir.  However, total recoverable copper 
concentrations in a significant percentage of samples are above WQB-7 standards downstream of 
the reservoir and therefore, a waiver of Montana Surface Water Quality Standards would likely 
be required if Alternative 1 was selected.  

Data from the February 1996 ice scour and the May/June 1997 high flow events are used to 
evaluate the predicted ability of this alternative to comply with WQB-7 surface water quality 
standards during such events.  The May/June 1997 data show that total recoverable 
concentrations below Milltown Reservoir did not significantly increase as compared to upstream 
concentrations (Appendix E2).  Concentrations of total recoverable arsenic, cadmium and zinc, 
above and below the dam are below WQB-7 water quality standards.  Total recoverable copper 
may exceed the acute standard and total recoverable lead may exceed the chronic standard both 
above and below Milltown Dam during for high flow events.  However, the reservoir does not 
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appear to be a significant net source of metals load to the CFR during high flow events at least 
up to the size of the 1997 spring runoff event (which had a recurrence interval of approximately 
10 years at the CFR above Missoula gage).   

Water Quality data collected during the 1996 ice scour event (Appendix E2) show that total 
recoverable copper concentrations downstream of the reservoir increased to between 310 and 
770 ppb, (which is approximately 400% higher than the concentration that would be predicted 
based on averaging the flow-weighted concentrations of upstream samples from the BFR and 
CFR assuming no influence from the reservoir).  Total recoverable arsenic, cadmium, lead and 
zinc also increased by a significant amount at the downstream station compared with flow-
weighted averages for the upstream stations during the 1996 ice scour event.  All of these 
concentrations would be above current WQB-7 chronic or acute aquatic life and/or human health 
standards for each constituent.  Therefore, Alternative 1 would not be expected to comply with 
WQB-7 surface water quality standards upstream or downstream of the reservoir during  ice 
scour/drawdown events such as occurred in 1996 and the degree of criteria exceedance 
downstream of the reservoir may be increased by net scour of reservoir sediments. 

Contaminant-Specific ARARs for Groundwater – The CFS uses a mass balance flow tube 
analysis approach to analyze the predicted ability of each of the Alternatives to comply with 
State of Montana’s WQB-7 Groundwater Standards (see Appendix E4).  The analysis focused on 
arsenic because it is the groundwater constituent of primary concern at Milltown, both from a 
human health risk and an ARARs compliance standpoint.  Current sources and processes 
controlling arsenic concentrations and the effect of each alternative on these sources and 
processes were considered in the analysis.  The effect of changes in predicted loading from the 
sediment source and dilution on alluvial aquifer arsenic concentrations was evaluated 
quantitatively.  However, non-conservative chemical reactions that occur along the flow path 
were only considered from a qualitative standpoint because of the difficulty of quantifying the 
effect of adsorption/desorption or precipitation/dissolution reactions on concentrations under 
each of the alternatives. 

As detailed in Appendix E4, the No Further Action Alternative is not expected to actively affect 
the rate of arsenic loading from the reservoir sediments to the alluvial aquifer.  Therefore, the 
extent of the alluvial aquifer area that exceeds the 0.02 mg/l WQB-7 groundwater arsenic 
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standard (i.e., the plume area) and the level of arsenic exceedances within plume area would not 
be expected to be affected by Alternative 1.  Under this Alternative it is predicted that the plume 
would remain about 180 acres in extent (approximately 66 acres of which is outside of the 
reservoir boundary) with maximum concentrations in the 0.5 to 1.0 mg/l range for the 
foreseeable future until the reservoir sediment arsenic source is depleted.  An arsenic availability 
versus loading rate calculation (Appendix E4, Attachment A) predicted that it would take 200 to 
2,000 years to deplete the reservoir sediment arsenic source.  Therefore, a waiver of groundwater 
contaminant-specific ARARs would be required under the No Further Action Alternative. 

Location-Specific ARARs - The No Further Action Alternative would comply with floodplain 
ARARs because no adverse impacts, prohibited uses or development in the floodplain, and no 
diversions or excavations would be implemented that would alter the floodplain and no active 
management would occur in the floodplain.  There would be no activities under Superfund 
potentially adversely affecting streambeds and banks, and no actions affecting any resources 
eligible for the Register of Historic Places, historic sites, buildings or antiquities, any known 
Native American cultural any historic resources, or any Native American graves.  However, the 
No Further Action Alternative does affect endangered species.  The No Further Action 
Alternative does not jeopardize the continued existence of any  bald eagles or migratory birds, or 
destroy or adversely modify critical habitat, but would potentially threaten bull trout below the 
dam from released metals if an ice scour/drawdown event were to occur.  The No Further Action 
Alternative would not cause any loss of, or impact to wetlands.  Therefore, Alternative 1 would 
comply with the protected resources ARARs with the exception of the ESA (potential impacts on 
bull trout during ice scour/drawdown). 

Action-Specific ARARs – The No Further Action Alternative would comply with all action-
specific ARARs since there would be no activities. 

To Be Considered – It is anticipated that the No Further Action Alternative would comply with 
other “to be considered” requirements and other laws including occupation safety and health 
regulations.  

5.2.1.3 Long-term Effectiveness and Permanence 

The magnitude of residual risks that may remain under Alternative 1 and the adequacy and 
reliability of controls are discussed below.   



Draft Combined Feasibility Study  111  
  

H:\Projects\MILLTOWN\Combined FS\Oct 31 Submittal\PDF\Electronic files\text\Milltown Combined FS Oct 31 Submittal.doc 

 

Magnitude of Residual Risk - Impacted sediments would not be removed, treated or contained so 
there would be no changes in the residual risk that the sediments currently represent to human 
health and the environment.  For simplicity the potential residual risks are grouped into four 
categories for the magnitude of residual risk discussion provided below. 

Residual Ecological Risks to Vegetation and Terrestrial Ecosystem - Ecological studies of 
terrestrial habitats in the reservoir indicated that the metals found in the reservoir sediments 
currently pose minimal risk to the terrestrial environment.  Residual risk to vegetation and 
terrestrial ecosystems within the reservoir is predicted to be similar to current conditions under 
this alternative.   Therefore, the magnitude of residual risks to the terrestrial ecosystem are 
predicted to remain low under the No Further Action Alternative. 

Residual Human Health Risk from Exposure to Impacted Groundwater – As presented in Section 
1.4.3, risk evaluations show that ingestion of arsenic-impacted groundwater is the only 
significant human health exposure risk at MRSS.  This alternative does not include any active 
measures to restore groundwater quality or additional institutional measures to prevent future 
access to arsenic-impacted groundwater.  The human health risk associated with ingestion of 
impacted groundwater has been addressed by the replacement water supply currently serving the 
Milltown community combined with monitoring of plume extent and water quality in nearby 
domestic wells.  Over the longer term (i.e., over the estimated 200 to 2,000 year period it will 
take to naturally deplete arsenic loading from the reservoir sediments) there is some residual risk 
under this alternative associated with the potential for future use of impacted portions of the 
aquifer for domestic purposes.  

Future expansion of the plume is considered unlikely given that the 0.02 mg/l arsenic plume 
extent has remained relatively stable over the past 20-year monitoring period.  From a theoretical 
standpoint a significant expansion of the plume would require a major increase in reservoir 
sediment arsenic loading rates and/or a reduction in alluvial aquifer flow (which would reduce 
the effect of dilution) or change in aquifer geochemistry (i.e., from oxidizing to reducing 
conditions which would reduce the rate that arsenic is removed from solution by adsorption).  A 
major increase in arsenic loading rates from the sediments is not expected because: (1) existing 
dam drawdown limitations in-place since the early 1990s reduce the future potential for spike 
increases in reservoir sediment arsenic loading that may have historically occurred during 
reservoir water level fluctuations; (2) natural depletion of available arsenic from the existing 
sediment source, although occurring slowly, should over time reduce sediment loading rates; and 
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(3) natural scour/deposition processes should over time replace existing reservoir sediments with 
new sediments coming down from upstream.  Sediments currently coming down from upstream 
typically have lower metals concentrations than the sediments that came down and were 
deposited in the reservoir immediately after the dam was constructed.  A significant reduction in 
aquifer flow or change in geochemical conditions from oxidizing to reducing would not be 
expected in an aquifer as prolific and large as the alluvial aquifer at Milltown. 

Future use of water from the current plume area is also considered unlikely.  The extent of the 
plume area is well defined by the current groundwater monitoring program which is expected to 
continue under the No Further Action Alternative.  Also the existing replacement water supply 
system is well established with funding in place to assure its maintenance and continued 
existence.  Therefore this system is expected to continue to provide safe drinking water to 
developed or potentially developable areas within the plume boundary in Milltown for the 
foreseeable future.   However, because the No Further Action Alternative includes no additional 
ICs (i.e., well bans and/or provisions for additional replacement water supplies) specifically 
designed to assure that there is no future domestic use of impacted groundwater a small residual 
risk of future human exposure still exists under this alternative. 

Residual Ecological Risk to Aquatic Life – Previous ecological studies have shown the risks to 
the aquatic ecosystem from direct exposure to reservoir sediments is low.  Therefore this analysis 
focuses on surface water column exposure risks to aquatic life.  As discussed below the 
magnitude of residual risk to the surface water and aquatic system under the No Further Action 
Alternative was analyzed by comparing predicted water quality for typical conditions and for 
high flow/ice scour conditions to risk-based criteria.  Consistent with the findings of the 
Milltown Reservoir and CFR Ecological Risk Assessments, the surface water aquatic system 
effectiveness evaluation for the CFS alternatives focuses on dissolved concentrations in the water 
column to assess the potential magnitude of residual risks. 

 The predicted dissolved concentrations are compared to rainbow trout TRVs presented in the 
CFR Ecological Risk Assessment (EPA 1999) which are site specific to the CFR, and to Federal 
AWQCs which are not site specific.  Under typical flow conditions, dissolved metal 
concentrations above Federal AWQC levels were infrequent or absent for samples from all three 
stations (Appendix E3).  There were no samples with dissolved metals over the trout TRVs at 
any of the stations.  The lack of exceedances of the trout TRVs suggest that water quality at all 
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three stations is already meeting site specific aquatic risk-based criteria under typical conditions 
and therefore, residual risks to the aquatic system under this alternative are predicted to be low.   

Additionally, the BMI community at the CFR above Missoula site was determined to be “non-
impaired” in 1999 and “metals pollution has not been indicated in the community since 1990” as 
reported in the CFR Macroinvertebrate Community Biointegrity 1999 Assessment (MDEQ 
2000).   

The 1997 high flow data show that dissolved concentrations below Milltown Reservoir did not 
significantly increase and in some cases decreased as compared to flow-weighted average 
concentrations for upstream stations (Appendix E2) during this event.  This is consistent with the 
findings of Mickey, 1998, that except for Mn, dissolved concentrations of trace elements in the 
CFR were not significantly affected by Milltown Reservoir.  Dissolved metals above and below 
the dam were below current Federal AWQC and the CFR trout TRVs during the 1997 high flow 
event.  

Data from the 1996 ice scour event for the CFR above Missoula station show dissolved copper 
concentrations of up to 30 ppb over the February 9 through February 11 period.  Measured 
downstream dissolved copper concentrations on March 11 of 5 ppb were slightly higher than the 
flow-weighted average concentration (4.6 ppb) from upstream locations for the same day 
(Appendix E2).  This increase relative to flow-weighted averages of upstream concentrations is 
small and may have been within measurement error.  However, if real it suggests that the 
reservoir acted as a small net source for dissolved copper loading to downstream during the 1996 
ice-scour event.  Dissolved arsenic, cadmium, lead and zinc concentrations at the CFR above 
Missoula station also increased during this event relative to flow-weighted averages of water 
quality measured at upstream stations to values of as much as 12 ppb, 2 ppb, 5 ppb, and 40 ppb 
respectively.  Dissolved arsenic, cadmium and zinc concentrations were all below Federal 
AWQC and trout TRV levels during the 1996 ice scour event.  Dissolved copper exceeded acute 
Federal AWQC and dissolved lead exceeded chronic Federal AWQC in at least some samples 
collected from the CFR above Missoula station during the February 9-11, 1996 period but 
neither metal was above the site-specific trout TRVs  developed for the CFR. 

The Milltown Reservoir BERAA (EPA 2000c) found that during infrequent events, such as the 
1996 ice scour/reservoir drawdown event, copper may cause moderate acute risks to aquatic life 
from exposure to surface water below Milltown Dam.  Normal high flow events may pose an 
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intermittent low-level chronic risk for fish due to the combined impacts of metals in the water 
column, and copper in ingested macroinvertebrates.  Any chronic effects would be less than 
upstream at Turah Bridge.  According to MFWP, caged trout study on survival, growth and 
physiology of trout located downstream of the reservoir, (see Section 1.3.5), “There was no clear 
indication that exposure to metals had an effect on the survival, growth or health of the fish” 
during high flow conditions such as occurred in May and June 1997.   

Residual Human Health and Ecological Risks Associated with Dam Failure - Regarding residual 
risks associated with the potential for catastrophic dam failure and release of sediments, the 
“Continued Releases Risk Assessment” (Executive Summary) concluded that downstream 
transport of contaminants represents a low human health risk even in the face of a catastrophic 
event (i.e., an earthquake that destroys the dam or a very large flood that scours sediments out of 
the reservoir) but would present an acute risk to aquatic life.  However, even this risk would be 
further mitigated under the No Further Action and all the CFS alternatives that maintain 
Milltown Dam by evaluations and potential dam upgrades/maintenance implemented under 
FERC regulation.  

Adequacy and Reliability of Controls – Controls used to manage sediments left in place would 
include monitoring and five-year site reviews.  No active engineering or additional ICs are 
included in this alternative.  Some potential for exposure of human and environmental receptors 
to COCs remaining at the facility would exist.  In particular surface water RAOs for mitigating 
aquatic life exposure would not be reliably achieved during ice scour/reservoir drawdown events.  
Also groundwater RAOs for restoring the aquifer to beneficial use, or if this is impracticable 
preventing migration of and exposure to contaminated groundwater, may not be reliably 
achieved.  

5.2.1.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

The No Further Action Alternative would not reduce toxicity, mobility, or volume of COCs, or 
change the type and quantity of current constituents present at the MRSS.  Since no remedial 
actions would be implemented, no constituents would be treated or destroyed and no residuals 
would be generated.     
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5.2.1.5 Short-term Effectiveness 

The protection of community, workers and the environment during remedial actions and the time 
until protection is achieved are discussed below.  

Protection of Community, Workers, and Environment During Remedial Actions - 
Implementation of this alternative results in the least amount of short-term disturbance or impact 
to the site or surrounding areas.  No additional potential risks to the community are anticipated 
from implementing this alternative.  Some potential risk to workers and the environment may 
occur associated with fish passage and dam safety construction upgrades. 

Time Until RAOs are Achieved – Because of the possibility of continued ice scour/reservoir 
drawdowns, surface water RAOs would not be achieved under this alternative.   Along with 
continued upstream loading from the CFR and BFR, the reservoir sediments would continue to 
provide a potential source of metals loading to the surface water particularly during events such 
as the 1996 ice scour/reservoir drawdown.  Therefore, periodic exceedance of WQB-7 standards 
for protection of aquatic life, defined by EPA as an RAO specific to the CFS, below Milltown 
Dam would be expected to continue for an extended period into the future. 

It is estimated that under the No Further Action Alternative, constituent concentrations would not 
decrease to below applicable standards potentially for hundreds of years until the arsenic within 
the reservoir sediments is depleted by natural attenuation.  In addition, this alternative includes 
no additional ICs designed to prevent human ingestion of contaminated groundwater.  Therefore, 
groundwater RAOs for restoration of the entire aquifer to beneficial use, or if impracticable to 
prevent further migration of, and human exposure to the plume would not be met.  

5.2.1.6 Implementability 

Operational reliability, ability to monitor effectiveness and construct and operate technology, and 
the availability of necessary equipment, specialist, capacity and locations for treatment, storage, 
and disposal services are not applicable for this alternative.   The No Further Action Alternative 
requires minimal agency coordination.  
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5.2.1.7 Cost 

The projected costs for the No Further Action Alternative are summarized in Table 5-3.  Because 
cost estimates associated with this alternative do not include previously completed response 
activities at the site (e.g., the replacement water supply system), the only additional costs 
associated with this alternative are related to implementation of FERC requirements for fish 
passage, dam upgrades and dam structural/safety maintenance and CERCLA requirements for 
long-term monitoring.  Appendix I1 presents a detailed summary of all the costs associated with 
each alternative.  Separate subtotals are provided for costs associated with non-Superfund 
requirements (i.e. FERC Requirements) and costs associated with Superfund (CERCLA) 
requirements in the Appendix tables.  However the alternative costs summarized in the text and 
used in the comparative analysis includes the combined CERCLA and FERC requirement costs.  
Both total (i.e., no discount applied to future costs) and PV (i.e., future costs are discounted using 
a 7%/year discount rate) costs are provided for each Alternative. 

The total and present worth costs for the No Further Action and the other CFS Alternatives are 
presented on Table 5-3 as single numbers.  However, there are significant  uncertainties 
associated with alternative quantities and techniques (e.g. which of five options for dam safety 
modifications to withstand PMF conditions might be selected by FERC) that make any single 
estimated cost number uncertain.  These uncertainties are addressed to the degree possible in 
Appendix I1, by: (1) including supplemental tables providing suboption costs for some of the 
alternative (the lowest cost suboption is used on Table 5-3); and (2) providing a cost sensitivity 
analysis that attempts to quantify the cost variability of the various remedy components included 
in the Alternatives. 

Including both FERC and CERCLA requirements, Alternative 1 is estimated to have a total cost 
of $49,795,897 which is equivalent to a PV cost of $17,719,259.  FERC requirements represent 
the majority of Alternative 1’s cost. 

5.2.2 Alternative 2A – Modification of Dam and Operational Practices plus Groundwater 
ICs 

This alternative involves physical modifications to the dam (i.e. replacement of the flashboard 
assembly with an inflatable rubber dam) combined with enhancement of the current reservoir 
operational practices that are designed to mitigate the rate or timing of sediment release.  The 
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current ICs and additional measures, as described in Alternative 1, would be maintained for this 
alternative. Additional ICs and additional measures would also be prescribed to provide 
increased protection for sensitive or impacted areas (e.g. more stringent boating restrictions) and 
to prevent the potential for human exposure to contaminated groundwater (i.e., establishment of 
a controlled groundwater area).  A detailed description of Alternative 2A is presented in Section 
4.2.2. 

5.2.2.1 Overall Protection of Human Health and the Environment 

Alternative 2A is predicted to provide a moderate to high achievement of the overall protection 
of human health and the environment criterion.  This Alternative’s predicted performance 
specific to protection of human health and protection of the environment are discussed separately 
below. 

Protection of Human Health 

As discussed in Section 5.2.1.1 risk evaluations show that, with the exception of the potential for 
ingestion of arsenic-impacted groundwater, the human exposure pathways for MRSS COCs are 
not considered to be significant (Section 1.4.3).  Like Alternative 1, the current risk associated 
with human exposure to arsenic impacted groundwater is addressed under Alternative 2A 
because the replacement water supply serving the Milltown community combined with 
monitoring of plume extent and water quality in nearby domestic wells still in use prevent 
ingestion of impacted groundwater.  In addition, Alternative 2A addresses the potential for future 
human exposure over the longer term (i.e., for the estimated 200 to 2000 years it will take for 
natural depletion to reduce reservoir sediment arsenic loading rates sufficiently to restore 
groundwater quality beneath Milltown) by including additional ICs (i.e., restrictions on the 
construction of new wells in the impacted groundwater area) designed to assure that there is no 
future domestic use of impacted groundwater. 

Protection of the Environment 

Site-specific dissolved metals criteria, such as the trout TRVs, would be expected to be met and 
Federal AWQCs would be met, except for those cases where upstream loading causes 
exceedances, within and downstream of the reservoir after implementation of Alternative 2A.  
Similar to Alternative 1, constituent concentrations in the sediments at the MRSS would not be 
actively mitigated.  However, modification of the dam and operation practices, designed to 
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mitigate the rate or timing of sediment release, provide additional environmental protection by 
reducing the likelihood of an increase in metals loading to the surface water.  In particular, this 
alternative should mitigate the need for emergency reservoir drawdowns, such as occurred 
during the 1996 ice scour event, that have been linked to increases in downstream metals 
loading.  Significant deleterious short-term turbidity/metals loading or aquatic/terrestrial habitat 
impacts due to construction would not be anticipated under this alternative because no 
construction and/or dredging activities directly affecting the reservoir sediments are anticipated.  
However there may be some minor short-term turbidity or wetland functional value impacts due 
to the temporary reservoir drawdown that will potentially be required as part of flashboard 
removal/rubber dam installation activities.  

5.2.2.2 Compliance with ARARs 

Overall, Alternative 2A is estimated to have a moderate achievement of the Compliance with 
ARARs criterion.   Alternative 2 would require a waiver of Montana’s surface and groundwater 
quality standards specified in WQB-7 but is predicted to comply with location- and action-
specific ARARs.  Additional discussion on Alternative 2A’s compliance with contaminant-, 
location-, and action-specific requirements is provided in the following sections. 

Contaminant-Specific ARARs for Surface Water – The predicted ability of Alternative 2A to 
comply with the State of Montana’s WQB-7 Surface Water Standards was analyzed separately 
for typical flow and high flow/ice scour conditions.  Under typical flow conditions, the ability of 
Alternative 2A to comply with WQB-7 standards is predicted to be generally similar to current 
site conditions as presented in Section 5.2.1.2 and Appendix E1.  Periodic exceedance of WQB-7 
total recoverable copper criteria at the CFR above Missoula station would continue, largely due 
to loading from upstream of the reservoir.  However, the frequency of exceedance may be 
reduced slightly from current conditions due to an enhanced ability to control reservoir water 
levels and operation practices (within the constraints of a “run of the river” reservoir) to 
maximize sediment settling/minimize sediment release during periods of higher loading from 
upstream.  A waiver of Montana Surface Water Quality Standards within, and downstream of, 
the reservoir would likely be required if this alternative was selected.  Because the inflatable 
rubber dam is expected to mitigate the need for emergency reservoir drawdowns during future 
ice scour events, Alternative 2A is expected to reduce the potential for/magnitude of reservoir 
scour and related increases in downstream total recoverable metals concentrations related to 
rapid reservoir drawdown.  As discussed in Appendix E2, reservoir drawdown has historically 
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been associated with increase in downstream turbidity (which correlates with metals 
concentrations) of between 4 and 25 fold.  However, as presented in Appendix E2, exceedance of 
WQB-7 standards downstream of the reservoir are still likely to occur during ice scour events, 
largely as a result of upstream loading, even if the reservoir isn’t drawn down. 

Contaminant-Specific ARARs for Groundwater – As detailed in Appendix E4, Alternative 2A is 
not expected to actively affect the rate of arsenic loading from the reservoir sediments to the 
alluvial aquifer.  Therefore, the extent of the alluvial aquifer area that exceeds the 0.02 mg/l 
WQB-7 groundwater arsenic standard (i.e., the plume area) and the level of arsenic exceedances 
within plume area would remain constant under Alternative 2A.  Under this Alternative it is 
predicted that the plume would remain about 180 acres in extent (only 66 acres of which is 
outside of the reservoir boundary) with maximum concentrations in the 0.5 to 1.0 mg/l range for 
the foreseeable future until the reservoir sediment arsenic source is depleted.  An arsenic 
availability versus loading rate calculation (Appendix E4, Attachment A) predicted that it would 
take 200 to 2,000 years to deplete the reservoir sediment arsenic source.  Therefore, a waiver of 
groundwater contaminant-specific ARARs would be required under Alternative 2A.   

Location-Specific ARARs – Alternative 2A calls for modification of the dam outflow works.  
However, these activities are not predicted to alter the floodplain or its ability to pass flood 
flows.  Therefore, Alternative 2A would comply with floodplain ARARs because no adverse 
impacts, prohibited uses or development in the floodplain, and no diversions or excavations are 
planned that would alter the floodplain and no active management of wastes would occur.  
Alternative 2A would not present adverse impacts to wetland, threatened/endangered species or 
other protected resources.  Therefore, Alternative 2A would comply with protected resources 
ARARs.   

Action-Specific ARARs –No dredging would be implemented, so these ARARs would not be 
invoked.  All dam modifications must be reviewed and approved by FERC under its authority. 

5.2.2.3 Long-term Effectiveness and Permanence 

Overall, Alternative 2A is predicted to have a moderate ability to provide long-term effectiveness 
and permanence.  The magnitude of residual risks that may remain under Alternative 2A and the 
adequacy and reliability of controls are discussed below.   
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Magnitude of Residual Risk - Impacted sediments would not be removed, treated or contained 
under this alternative.  However, this Alternative includes dam modifications and groundwater 
ICs designed to reduce some specific risks.   The magnitude of residual risks that may remain 
under Alternative 2A for the terrestrial ecosystem, human health and the surface water/aquatic 
system, are discussed below.  

Residual Risk to Vegetation and Terrestrial Ecosystem - The magnitude of residual risk to 
vegetation and terrestrial ecosystems under Alternative 2A is predicted to be similar to current 
conditions (see Section 5.2.1.3), where there is a lack of observable impacts.   

Residual Human Health Risk from Exposure to Impacted Groundwater – This alternative does 
not include any active measures to restore groundwater quality but does include additional 
institutional measures designed to prevent future access to arsenic-impacted groundwater.  In the 
immediate term human health risk associated with ingestion of impacted groundwater has been 
addressed by construction and operation of the replacement water supply that currently serves 
the Milltown community combined with monitoring of plume extent and water quality in nearby 
domestic wells.  This alternative further addresses risk of human exposure to contaminated 
groundwater over the longer term (i.e., over the estimated 200 to 2,000 year period it will take to 
naturally deplete arsenic loading from the reservoir sediments) through use of existing or 
establishment of additional ICs such as: (1) assuring funding for maintaining the existing 
replacement water supply; (2) establishing a controlled groundwater area that includes the 
current plume extent plus a buffer,  and (3) if necessary providing for a potential future need to 
expand existing or establish new replacement water supplies. 

The long-term effectiveness of additional ICs in preventing future exposure to arsenic-impacted 
groundwater depends on the ability to predict both the potential future extent of the arsenic 
plume and the degree to which ICs can successfully prevent access to plume groundwater.  As 
discussed in Section 5.2.1.3, a significant change in the extent of the plume in the future is 
considered to be very unlikely.  Therefore, it is reasonable to assume that it would be possible to 
successfully prevent access to contaminated groundwater by establishing and maintaining a 
controlled groundwater area that included the current plume plus a buffer (as shown on Figure 4-
1 and discussed in Appendix D2-2 a 150 wide minimum buffer around the plume area is 
assumed to preclude migration of the plume in response to a high flow rate pumping well).  The 
long-term effectiveness and acceptability of a CGA is dependent on its ability to prevent access 
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to impacted groundwater while still allowing for appropriate development.   New development in 
the MRSS that requires potable groundwater is considered to be unlikely given: 

1. obvious restrictions to future development due to lack of access or locations within the 
designated floodplain (see Figure 1-7), and 

2. current land zoning (see Figure 1-8). 

Regardless, funding for expansion of the existing or construction of other alternate water supply 
options could be included as part of the IC program if necessary.  Therefore, Alternative 2A is 
considered to be effective in mitigating current and potential future residual human health risks 
from exposure to contaminated groundwater. 

Residual Risk to Surface Water/Aquatic System - The magnitude of residual risk to the surface 
water and aquatic system under Alternative 2A was analyzed by comparing predicted 
downstream water quality for typical and high flow/ice scour conditions with risk-based criteria.  
Under typical flow conditions, implementation of Alternative 2A is not expected to significantly 
affect the concentrations of dissolved metals and arsenic in the surface water of the CFR below 
Milltown Reservoir relative to current conditions (see Section 5.2.1.3).  Therefore, the current 
water quality is considered approximately representative of the surface water concentrations of 
dissolved metals and arsenic following implementation of Alternative 2A and residual risks to 
the aquatic system under typical flow conditions are predicted to continue to be low.   

Alternative 2A is predicted to have a significant effect in reducing the potential for reservoir 
sediment scour and related increases in downstream total recoverable metals concentrations (and 
a lesser effect on potential for increased dissolved concentrations) related to rapid reservoir 
drawdown such as has been done to protect the dam during previous ice scour/jam events, since 
Alternative 2A doesn’t require reservoir drawdown because it can pass ice and debris without 
threat to the dam flashboard system.  Evaluations completed by USACE on the effectiveness of 
inflatable rubber dams in ice-affected waters (Appendix F1) have shown they are effective in 
passing ice without requiring an emergency drawdown.    Alternative 2A would, therefore, be 
expected to meet site specific risk based criteria (such as the trout TRVs) for dissolved metals 
and Federal AWQC, except for those cases where the upstream loading causes exceedances, and 
would be protective of the downstream benthic and fish communities.  In addition Alternative 
2A would likely result in significantly lower total recoverable metals concentrations downstream 
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of the reservoir during future similar ice scour/jam events than was the case during the February 
1996 ice scour/reservoir drawdown event.  As presented in Appendix E2, a 4-fold or more 
reduction in downstream total recoverable metals loading may be achievable due to eliminating 
the need for rapid reservoir drawdown during future ice scour events (based on the observation 
of a minimum 4- to 5-fold increase in downstream turbidity during past reservoir drawdowns).  
A 4-fold reduction in downstream metals concentrations during the 1996 ice scour event would 
have shown the reservoir to be approximately load neutral (i.e. neither a net source or sink for 
metals) during this event.   

Residual Human Health and Ecological Risks Associated with Dam Failure - As discussed for 
Alternative 1, the “Continued Releases Risk Assessment” concluded that downstream transport 
of contaminants represents a low human health risk even in the face of a catastrophic event (i.e., 
an earthquake that destroys the dam or a very large flood that scours sediments out of the 
reservoir) but would present an acute risk to aquatic life.   This risk would be mitigated under 
Alternative 2A through dam safety upgrades to withstand PMF flows complemented by 
additional dam modifications included with Alternative 2A designed to provide additional 
operational flexibility during ice jams.   

Adequacy and Reliability of Controls – Similar to Alternative 1, controls used to manage 
sediments left in place would include, long-term monitoring and five-year site reviews.  
Additional ICs and dam modifications would be predicted to provide increased protection for 
sensitive or impacted areas and a reliable method for reducing potential risks, if any, from human 
or environmental receptor exposure to metals-elevated sediments.  ICs, such as establishment of 
controlled groundwater areas, have been shown to be adequate and reliable for preventing access 
to contaminated groundwater at many sites in Montana and elsewhere. 

Controls used to monitor the inflatable rubber dam include periodic inspections.  In the event of 
damage to the rubber body, repairs can be easily performed as described in Section 4.2.2.1.  
Typical inflation and mechanical auto deflation systems are used that would require general 
maintenance.  In the event of an emergency the dam includes an automatic fail-safe system 
requiring no electrical power for deflation.  The inflatable rubber dam would improve control of 
reservoir pool elevations under normal conditions.  During extreme conditions the over spill 
characteristic and its ability to withstand ice impact would allow more precise control of water 
release from the surface of the reservoir thereby conveying the most sediment free water 
downstream.  Vandalism is not expected to be a significant factor in the reliability of the 
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inflatable rubber dam giving the restricted access to the Milltown Dam.  Major components of 
the inflatable rubber dam have limited lifespans (i.e., 30 to 40 years) and therefore would require 
periodic replacement.  However, these components are readily available and easy to replace.  
Additional information on operational history and reliability of inflatable dams can be found in 
Appendix F1. 

5.2.2.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

Alternative 2A would not actively reduce toxicity or volume of COCs, or change the type and 
quantity of current constituents present at the MRSS.  The mobility of the impacted sediments is 
predicted to be reduced by implementation of the dam modifications particularly during ice 
scour/drawdown events that previously necessitated reservoir drawdown.  No constituents would 
be treated or destroyed.  Because this alternative does not reduce toxicity or volume and 
addresses mobility through a physical containment rather than treatment approach, it is assigned 
a low to moderate achievement of the reduction of toxicity, mobility or volume through 
treatment criterion.   

5.2.2.5 Short-term Effectiveness 

Alternative 2A is predicted to have a high achievement of short-term effectiveness.  The 
protection of community, workers and the environment during remedial actions and the time 
until protection is achieved are discussed below. 

Protection of Community, Workers, and Environment During Remedial Actions - 
Implementation effects of this alternative are similar to Alternative 1 with a potential for minimal 
increase of short-term risk to workers associated with construction of dam safety and fish 
passage modifications.  Installation of the inflatable rubber dam retrofit could be done during 
low flow conditions to minimize any potential turbidity impacts associated with reservoir 
drawdown during construction.    Temporary impacts to wetlands may occur due to construction-
related reservoir drawdown and the resultant lowering of the high water table that sub-irrigates 
the wetlands.  However, dam construction activities are anticipated to take less than one 
construction season and the wetlands would be expected to return to normal function once water 
levels are restored (Appendix G1).  In addition there is a potential for short-term increases in 
turbidity and total metals loading during thunderstorm runoff events while the reservoir is drawn 
down.    
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Time Until RAOs are Achieved – Implementation of the inflatable rubber dam retrofit under 
Alternative 2A is expected to take less than one construction season and would provide 
immediate protection against the potential risks associated with emergency reservoir drawdown 
during ice scour events since emergency drawdown would not occur.  However, COC 
concentrations in the reservoir would remain elevated and loading from upstream would 
continue.  Therefore, periodic exceedance of WQB-7 standards below the dam (that were not 
strictly associated with emergency reservoir drawdown) would be expected to continue for an 
extended period of time (see Section 5.2.1.5). 

Establishment of a CGA to prevent access to contaminated groundwater could be done in a 
relatively short period of time.  Once in place the CGA, in combination with continued 
groundwater monitoring and operation/maintenance of the replacement water supply, would 
meet the RAO for preventing human exposure to contaminated groundwater.  However, arsenic 
loading from the sediments to the alluvial aquifer would continue at current rates.  Therefore, 
meeting the RAO of restoring the aquifer to beneficial use would likely not be met for hundreds 
of years until the reservoir sediment arsenic supply was naturally depleted.   

5.2.2.6 Implementability 

ICs and modification of the dam and operation practices would provide high achievement of 
implementability because ICs and the proposed technologies have been successfully 
demonstrated at other facilities.  Operational reliability, ability to monitor effectiveness and 
construct and operate technology, and the availability of necessary equipment, specialists, 
capacity and locations for treatment, storage, and disposal services for remedy components are 
either well proven or not applicable.  Specific to the inflatable dam, successful installation and 
operation under similar conditions has been demonstrated at the Rainbow Dam facility in Great 
Falls Montana and at more than 800 other dams worldwide (see Appendix D1-1 for additional 
information on the installation and operation record for inflatable rubber dams).  Any dam 
modifications would require review and approval by FERC.  However, based on precedents at 
other dams it should be possible to obtain FERC approval for this retrofit. 

Groundwater ICs, including the establishment of a CGA as envisioned under Alternative 2A, 
have been implemented at many sites in Montana and elsewhere.  Also as shown by the 
preliminary analysis of current and potential water needs included on Figure 1-7, it is likely that 
a CGA could be established at the MRSS without limiting landowner options for developable 
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land.  Therefore, landowner opposition would not be expected to be a significant impediment to 
establishment of a CGA.  The monitoring anticipated under this Alternative is similar to what is 
currently ongoing and therefore should be readily implementable and sufficient to identify 
effectiveness and residual risk.   

5.2.2.7 Cost 

The projected total and PV costs for Alternative 2A are summarized in Table 5-3.  Capital costs 
for this alternative include costs associated with a possible dam safety upgrade and fish passage 
plus dam structural maintenance (FERC Requirements), construction activities for dam 
modifications (i.e., inflatable rubber dam retrofit), and any legal and administrative fees 
necessary for the implementation of the ICs.  O&M costs include maintenance of dam 
modifications, long-term monitoring and administration of ICs.   

The estimated costs for Alternative 2A, including both FERC and CERCLA requirements, are 
$60,547,983 in total dollars which is equivalent to a PV of $20,272,073.  FERC requirements 
represent the majority of these costs (i.e., $35,687,097 and $15,398,572, respectively, in total and 
PV FERC-related costs).  Alternative 2A’s overall PV cost places this alternative in the high 
achievement of the cost criterion category. 

5.2.3 Alternative 2B – Modification of Dam and Operational Practices plus Groundwater 
Containment and ICs 

This alternative involves physical modifications to the dam (i.e. replacement of the flashboard 
assembly with an inflatable rubber dam) combined with enhancement of the current reservoir 
operational practices that are designed to mitigate the rate or timing of sediment release plus 
installation of a groundwater containment system (i.e., slurry wall/grout curtain). The current ICs 
and additional measures, as described in Alternative 1, would be maintained for this alternative. 
Additional ICs and additional measures would also be prescribed as identified for Alternative 2A 
to provide increased protection for sensitive or impacted areas (e.g. more stringent boating 
restrictions) and to prevent the potential for human exposure to contaminated groundwater (i.e., 
establishment of a controlled groundwater area).  A detailed description of Alternative 2B is 
presented in Section 4.2.3. 
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5.2.3.1 Overall Protection of Human Health and the Environment 

Alternative 2B is predicted to provide a moderate achievement of the overall protection of 
human health and the environment criterion.  This Alternative’s predicted performance specific 
to protection of human health and protection of the environment are discussed separately below. 

Protection of Human Health 

As discussed in Section 5.2.1.1 risk evaluations show that, with the exception of the potential for 
ingestion of arsenic-impacted groundwater, the human exposure pathways for MRSS COCs are 
not considered to be significant (Section 1.4.3).  Like Alternatives 1 and 2A, the risk associated 
with human exposure to arsenic impacted groundwater is addressed under Alternative 2B 
because the replacement water supply serving the Milltown community combined with 
monitoring of plume extent and water quality in nearby domestic wells still in use currently 
prevent ingestion of impacted groundwater.  In addition, Alternative 2B may further reduce the 
risk of human exposure to impacted groundwater downgradient of the slurry wall/grout curtain 
containment barrier. 

Assuming the groundwater containment barrier was fully effective, groundwater flow modeling 
(see Appendix D3, Attachment A) would predict the likely achievement of drinking water 
standards downgradient of the barrier.  Under this scenario, human health would be protected 
under this alternative by combining groundwater containment with groundwater ICs such as a 
well ban for the area upgradient of the physical barrier.  In addition, it is likely that the physical 
barrier would leak and be only partially effective in containing arsenic from the reservoir 
sediments.  Under this scenario, groundwater standards would not be achieved in the 
downgradient aquifer (see Appendix E4) and, similar to Alternative 2A, the protectiveness of 
this alternative would rely on groundwater ICs to prevent human exposure to impacted 
groundwater.  

Protection of the Environment 

 Similar to Alternatives 1 and 2A, constituent concentrations in the sediments at the MRSS 
would not be actively mitigated.  Modification of the dam and operation practices, designed to 
mitigate the rate or timing of sediment release, is expected to provide additional environmental 
protection by reducing the likelihood of an increase in metals loading to the surface water.  In 
particular, dam modification should mitigate the need for emergency reservoir drawdowns, such 
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as occurred during the 1996 ice scour/reservoir drawdown event, that have been linked to 
increases in downstream metals loading.  However, implementation of this alternative may result 
in some short and long-term negative impacts to the environment.  It is possible that groundwater 
containment could cause a reversal of the current surface water/sediment flow gradient resulting 
in recharge of impacted groundwater from the sediments into the surface water.  This would 
increase surface water dissolved metals concentrations and could affect aquatic life.  Sediment 
resuspension during construction activities (particularly during construction of the portion of the 
barrier that crosses the BFR) could have a short-term negative effect on aquatic life and the 
environment.  Finally, specific to its effect on reservoir wetlands construction of the groundwater 
containment barrier would: (1) result in the permanent loss of approximately 3 acres of reservoir 
wetlands that would need to be mitigated off-site, but (2) could potentially increase the 
functional value of wetlands in other parts of the reservoir by raising sediment water levels.  

5.2.3.2 Compliance with ARARs 

Overall, Alternative 2B is estimated to have a moderate achievement of the Compliance with 
ARARs criterion.  Alternative 2B would require a waiver of Montana’s surface and groundwater 
quality standards specified in WQB-7.  Compliance with location- and action-specific ARARs is 
feasible but would likely require mitigative measures in the groundwater containment system 
design to minimize impacts on the floodplain’s ability to pass flood flows, restore lost wetlands 
and reduce surface water quality degradation during barrier construction across the BFR.  
Additional discussion on Alternative 2B’s compliance with contaminant-, location-, and action-
specific requirements is provided in the following sections. 

Contaminant-Specific ARARs for Surface Water – The predicted ability of Alternative 2B to 
comply with the State of Montana’s WQB-7 Surface Water Standards was analyzed separately 
for typical flow and high flow/ice scour conditions.  Under typical flow conditions, the ability of 
Alternative 2B to comply with WQB-7 standards is predicted to be generally similar to current 
site conditions as presented in Section 5.2.1.2 and Appendix E1.  Periodic exceedance of WQB-7 
total recoverable copper criteria at the CFR above Missoula station would continue largely due to 
loading from upstream of the reservoir.  However, the frequency of exceedance may be reduced 
slightly from current conditions due to an enhanced ability to control reservoir water levels and 
operation practices (within the constraints of a “run of the river” reservoir) to maximize sediment 
settling/minimize sediment release during periods of higher loading from upstream.  A waiver of 
Montana Surface Water Quality Standards within and downstream of the reservoir would likely 
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be required if this alternative was selected.  Because the inflatable rubber dam is expected to 
mitigate the need for emergency reservoir drawdowns during future ice scour events Alternative 
2B is expected to reduce the potential for/magnitude of reservoir scour and related increases in 
downstream total recoverable metals concentrations related to rapid reservoir drawdown.  As 
discussed in Appendix E2, reservoir drawdown has historically been associated with increase in 
downstream turbidity (which correlates with metals concentrations) of between 4 and 25 fold.  
However, as presented in Appendix E2, exceedance of WQB-7 standards downstream of the 
reservoir are still likely to occur during ice scour events, largely as a result of upstream loading, 
even if the reservoir isn’t drawn down. 

Contaminant-Specific ARARs for Groundwater – As detailed in Appendix E4, Alternative 2B is 
expected to significantly reduce but not eliminate arsenic loading from the reservoir sediments to 
the downgradient alluvial aquifer.  Using typical containment effectiveness values for slurry 
walls constructed at other sites and assuming conservation of mass along the flow path, the 
Appendix E4 analysis predicted arsenic concentrations in the aquifer downgradient of the barrier 
would be reduced approximately 10-fold compared to current conditions.  If this level of 
reduction was achieved, maximum concentrations in the alluvial aquifer downgradient of the 
barrier would be expected to be decreased to less than 100 ug/l and the extent of the plume area 
would be expected to be reduced significantly but not eliminated.  Since the rate of arsenic 
release from the sediments would likely be reduced by the containment barrier, it is possible that 
it may take even longer under this alternative than under the no action alternative to fully deplete 
the sediment arsenic source and achieve groundwater standards across the entire site.  Therefore, 
a waiver of groundwater contaminant-specific ARARs would be required, though the extent of 
the exceedance area is likely to be considerably smaller than under Alternatives 1 or 2A.   

Location-Specific ARARs – Alternative 2B calls for modification of the dam outflow works and 
construction of a slurry wall/grout curtain along the northern fringe of the reservoir area.  
Alternative 2B would be expected to generally comply with floodplain ARARs though 
consideration would have to be given in the design of the groundwater containment system for 
mitigating impacts associated with excavating material from and placing a strip of fill along the 
fringe of the floodplain.  In particular, design of the portion of the slurry wall barrier that 
encroaches on the BFR channel would have to consider the need to mitigate impacts on the 
floodplain’s ability to pass flood flows.  Alternative 2B would result in the loss of approximately 
3 acres of reservoir wetland, which would presumably need to be replaced off-site.  No 
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significant impact would be expected on threatened/endangered species or other protected 
resources.  However, care would need to be taken in constructing the portion of the grout curtain 
that crosses the BFR to minimize the impact of sediment resuspension on bull trout and other 
protected resources.  Overall, it is assumed Alternative 2B could be designed to comply with 
location specific ARARs.   

Action-Specific ARARs –Removal of sediments from the slurry wall trench could presumably be 
designed to comply with state solid waste ARAR’s concerning the handling, transportation 
and/or storage of solid waste.  The potential for short-term degradation of surface water quality 
during installation of the grout curtain across the BFR would likely require use of BMP’s to 
comply with state law allowing for surface water quality standard exceedances during remedial 
action construction activities.  Storm water runoff requirements could presumably be addressed 
using BMP’s during floodplain construction activities.  All dam modifications must be reviewed 
and approved by FERC under its authority. 

5.2.3.3 Long-term Effectiveness and Permanence 

Overall, Alternative 2B is predicted to have a moderate ability to provide long-term effectiveness 
and permanence.  The magnitude of residual risks that may remain under Alternative 2B and the 
adequacy and reliability of controls are discussed below.   

Magnitude of Residual Risk - Impacted sediments would not be removed or treated under this 
alternative.  However, this Alternative includes dam modifications and groundwater containment 
and ICs designed to reduce some specific risks.   The magnitude of residual risks that may 
remain under Alternative 2B for the terrestrial ecosystem, human health and the surface 
water/aquatic system, are discussed below.  

Residual Risk to Vegetation and Terrestrial Ecosystem - The magnitude of residual risk to 
vegetation and terrestrial ecosystems under Alternative 2B is predicted to be generally similar to 
current conditions (see Section 5.2.1.3), where there is a lack of observable impacts.  However, it 
is possible that groundwater containment, by increasing water levels in the reservoir sediments, 
could result in some changes to the vegetation and terrestrial ecosystem.  Generally an increase 
in sediment water level, which would favor vegetation species more tolerant of a high water 
table, would not be expected to reduce ecosystem productivity and may increase wetland 
functional value.  On the other hand, implementation of Alternative 2B would result in the 
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permanent loss of about 3 acres of reservoir wetland area along the length of the barrier.  These 
lost wetlands would need to be replaced at a different location on-site or at an off-site location. 

Residual Human Health Risk from Exposure to Impacted Groundwater – This alternative reduces 
the risk of human exposure to impacted groundwater actively, through groundwater containment, 
and passively, through maintenance of the existing replacement water supply and other 
additional institutional measures designed to prevent future access to arsenic-impacted 
groundwater.  As discussed in Section 5.2.3.2, it is possible that arsenic concentrations would be 
reduced downgradient of the barrier to below drinking water standards but it is considered more 
likely that some arsenic exceedances would still occur in the alluvial aquifer beneath Milltown 
even after barrier construction.  Therefore, similar to Alternative 2A, to fully mitigate human 
health risks associated with ingestion of arsenic-impacted groundwater, this alternative would 
likely still be dependent on use of existing or establishment of additional groundwater ICs 
covering the area downgradient of the barrier.  However, for the area downgradient of the 
barrier, Alternative 2B is considered to provide some additional protection against the residual 
risk of human exposure to impacted groundwater because, even if not fully effective in reducing 
concentrations to below drinking water standards at all locations downgradient of the barrier, it 
would at a minimum reduce: 

1. the extent of the 0.02 mg/l arsenic plume area, 

2. the current small potential for plume expansion, should unexpected changes in flow or 
geochemical conditions alter the natural attenuation processes that currently limit plume 
extent; 

3. alluvial aquifer arsenic concentrations in areas outside the current plume.  Although these 
concentrations are below WQB-7 groundwater standards, they may still be elevated 
compared to background levels.  

For the area upgradient of the barrier, implementation of Alternative 2B would likely increase 
arsenic concentrations in the alluvial aquifer and reservoir sediment pore water because the 
higher water levels in the reservoir sediments (caused by installation of the groundwater 
containment system) would, over time, shift geochemical zones in the sediments upward.  This 
shift could, in turn, result in additional release of iron-oxyhydroxes-adsorped arsenic that would 
become unstable in the newly-created, larger reducing zone.   However, an increase in arsenic 
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concentrations upgradient of the barrier would not be expected to represent a significant risk of 
human exposure since this area would be largely limited to the reservoir, where development 
requiring domestic use of groundwater would not be expected. 

Residual Risk to Surface Water/Aquatic System – Over the long-term the magnitude of residual 
risk to the surface water and aquatic system under Alternative 2B would be expected to be 
generally similar to Alternative 2A (see Section 5.2.2.3).  As previously noted, it is possible that 
the groundwater containment component of Alternative 2B could increase recharge of impacted 
groundwater from the sediments into the surface water potentially increasing surface water 
dissolved metals concentrations.  However, any long-term increase in surface water constituent 
loading from groundwater would likely be most pronounced for arsenic, which at the levels 
currently present in the CFR and BFR does not represent a significant risk from an aquatic life 
standpoint.  The relative increase in dissolved copper loading from the sediments to the surface 
water (which is of greater concern from a risk to aquatic life standpoint) may be less over the 
long-term because the increase in groundwater recharge rate could be partially offset by 
geochemical changes in the sediments that may reduce copper solubility (i.e., a reduction in 
oxidizing zone thickness in response to high water levels).  However, there could be both greater 
copper solubility and an increase in recharge rate for the potentially extended period of time it 
may take for a stable geochemical equilibrium to be re-established within newly-submerged 
sediments. 

Residual Human Health and Ecological Risks Associated with Dam Failure - As discussed for 
Alternative 1, the “Continued Releases Risk Assessment” concluded that downstream transport 
of contaminants represents a low human health risk even in the face of a catastrophic event (i.e., 
an earthquake that destroys the dam or a very large flood that scours sediments out of the 
reservoir) but would present an acute risk to aquatic life.   This risk would be mitigated under 
Alternative 2B through dam safety upgrades to withstand PMF flows complemented by 
additional dam modifications designed to provide additional operational flexibility during ice 
jams.  Keying the groundwater containment barrier into Milltown Dam could represent a 
potential concern from a dam safety standpoint.  However, with appropriate precautions it is 
assumed this could be accomplished without reducing dam stability.  It may even be possible to 
coordinate the grouting beneath the right abutment work, anticipated under this alternative as 
part of construction of the groundwater containment system, with potential work performed 
under FERC oversight designed to protect the right abutment of the dam against PMF flows. 
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Adequacy and Reliability of Controls – Similar to Alternative 1, controls used to manage 
sediments left in place would include, long-term monitoring and five-year site reviews.  
Additional ICs and dam modifications would be predicted to provide increased protection for 
sensitive or impacted areas and a reliable method for reducing potential risks, if any, from human 
or environmental receptor exposure to metals-elevated sediments.  ICs, such as establishment of 
controlled groundwater areas, have been shown to be reliable in preventing access to 
contaminated groundwater at many sites in Montana and elsewhere.  As discussed in Section 
5.2.2.3, Inflatable rubber dams have been shown to operate reliably under a broad range of 
conditions.  

The reliability of groundwater containment is less certain, particularly under the site conditions 
expected at the MRSS.  Slurry wall construction in cohesionless soils creates concerns of trench 
instability which could cause a leaky wall.  Additionally, measures required to install the slurry 
wall under the BFR do not create a continuous cut-off wall, resulting in a higher probability for 
leakage in this area of the wall.  The wall’s connection with the underlying bedrock and the dam 
are other areas with higher probabilities for leakage due to probable constraints on available 
equipment’s ability to effectively key into the dam and bedrock.  Long-term degradation of the 
containment wall may occur requiring long term monitoring of piezometer water levels to 
provide warning of leakage or wall failure.  Repair of a leaky or failed wall section would be 
difficult, if not impossible. 

5.2.3.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

Alternative 2B would not actively reduce toxicity or volume of COCs, or change the type and 
quantity of current constituents present at the MRSS.  The mobility of the impacted sediments is 
predicted to be reduced by implementation of the dam modifications particularly during ice 
scour/drawdown events that previously necessitated reservoir drawdown.  Construction of the 
groundwater containment system would reduce the mobility of COCs in the downgradient 
alluvial aquifer.  However, sediment volume is not reduced and there may be an increased 
potential for toxicity upgradient of the containment barrier and in the adjacent surface water as 
geochemical conditions at the MRSS are disrupted due to the increase in sediment water levels.  
Because this alternative does not reduce toxicity or volume and addresses mobility through a 
physical containment rather than treatment or destruction approach, it is assigned a moderate 
achievement of the reduction of toxicity, mobility or volume through treatment criterion.   
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5.2.3.5 Short-term Effectiveness 

Alternative 2B is predicted to have a moderate to high achievement of short-term effectiveness.  
The protection of community, workers and the environment during remedial actions and the time 
until protection is achieved are discussed below. 

Protection of Community, Workers, and Environment During Remedial Actions - Short term 
risks associated with soil/sediment excavation during construction of the slurry wall will increase 
for the community, workers and the environment.  Excavation will increase the risk of airborne 
dust and resuspension of disturbed sediments.  Additionally, construction of the groundwater 
containment barrier would result in short term environmental impacts from potential loss of 
wetlands/productive riparian habitat and increased turbidity of surface waters.  An estimated 3 
acres of wetlands would be lost due to implementation of Alternative 2B ( Appendix G1) that 
would need to be replaced on- or off-site.  The recharge of impacted groundwater to surface 
water is likely to be increased as a result of a containment barrier, potentially degrading surface 
water quality. 

Another potential effect of construction of the groundwater containment system is a lowering of 
water levels in the aquifer downgradient of the barrier.  This water level lowering is predicted to 
be relatively small (Modflow groundwater flow modeling included in Appendix D3, Attachment 
A suggests it would be in the range of one or two feet) and generally localized to areas beneath 
Milltown where water supply wells are no longer in use.  However, there is a potential of 
effecting water availability at other downgradient shallow water supply wells should the drop in 
water levels extend over a larger area than anticipated. 

Implementation effects of the other components of this alternative are expected to be minor.  As 
discussed under Alternatives 1 and 2A, there is a potential for minimal increase of short-term 
risk to workers associated with construction of dam safety, fish passage and inflatable dam 
modifications and the potential for a short term (i.e., one construction season) minor increase in 
turbidity and temporary impacts to wetlands due to construction-related reservoir drawdown.   

On-site safety issues associated with implementation of this alternative are primarily due to the 
operation of heavy equipment and the potential for worker exposure to impacted media.  
Additional risks to workers include the risk of accidents during the transportation and disposal of 
excavated material and installation of a grout curtain beneath the BFR utilizing a barge.  These 
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risks may be reduced, however, through implementation of appropriate health and safety 
programs. 

Time Until RAOs are Achieved – Implementation of the inflatable rubber dam retrofit under 
Alternative 2B is expected to take less than one construction season and would provide 
immediate protection against the potential risks associated with emergency reservoir drawdown 
during ice scour events since emergency drawdown would not occur.  However, COC 
concentrations in the reservoir would remain elevated and loading from upstream would 
continue.  Therefore, periodic exceedance of WQB-7 standards below the dam (that were not 
strictly associated with emergency reservoir drawdown) would be expected to continue for an 
extended period of time (see Section 5.2.1.5). 

Construction of a groundwater containment system and establishment of a CGA and to prevent 
access to contaminated groundwater could be done in a relatively short period of time (i.e., one 
to two years).  Once in place the CGA, in combination with continued groundwater monitoring 
and operation/maintenance of the replacement water supply, provides immediate benefits in 
meeting the RAO for preventing human exposure to contaminated groundwater.  It is likely that 
the groundwater containment measures included in Alternative 2B would increase the time until 
the groundwater RAO of returning groundwater to beneficial use is achieved site wide, since 
natural attenuation mechanisms at the site are disrupted.  Alternative 2B should reduce the extent 
of impacted groundwater downgradient of the barrier, expediting the timeframe for achieving 
RAOs related to preventing further migration of impacted groundwater.  However, constituent 
concentrations would not decrease to below applicable standards for hundreds to thousands of 
years upgradient of the containment barrier.   

5.2.3.6 Implementability 

ICs, modification of the dam and operation practices and construction of a groundwater 
containment system provide only moderate achievement of implementability because although 
ICs and the proposed dam modification technologies have been successfully demonstrated at 
other facilities, significant implementation difficulties would be anticipated for groundwater 
containment. As discussed in Section 5.2.2.6, other than the groundwater containment 
component, operational reliability, ability to monitor effectiveness and construct and operate 
technology, and the availability of necessary equipment, specialists, capacity and locations for 
treatment, storage, and disposal services for Alternative 2B remedy components are either well 
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proven or not applicable.  Implementability issues specific to groundwater containment are 
discussed below. 

Ability to Construct and Operate Technology – Conventional equipment cannot be solely used 
for excavation of the slurry wall due to depth limitations.  However, the specialized equipment 
with the ability to meet depth requirements, would have difficulty keying into the underlying 
bedrock and cannot be used for construction of the containment barrier beneath the BFR.  
Keying the slurry wall into the dam may not be possible due to dam safety concerns.  Grout 
injection or soil mixing and injection from a barge would be employed for the section crossing 
the BFR, making implementation difficult and continuity and long-term integrity of the wall 
questionable.   

Operational Reliability and Ability to Monitor Effectiveness – Slurry wall construction in 
cohesionless soils creates concerns of trench instability which could increase the likelihood of a 
leaky wall.  Additionally, methods required to install the slurry wall under the Blackfoot River 
do not create a continuous cut-off wall, resulting in a higher probability for leakage in this area.  
The effectiveness of the slurry wall to contain the COC may be monitored through long term 
monitoring of piezometers.  However, the reliability of the slurry wall is reduced due to 
uncertainties associated with the long-term integrity of a physical barrier and the complex site 
geology/hydrology which increases implementation difficulties. 

Available Capacity and Location of Treatment, Storage, and Disposal Services – Materials 
excavated during wall trenching would require disposal.  It is assumed adequate disposal 
capacity would be available at the current BFI landfill or at a constructed repository. 

Availability of Necessary Equipment and Specialists – Necessary equipment should be available, 
although obtaining the specialized excavation equipment may need appropriate lead-time. 

5.2.3.7 Cost 

The projected total and PV costs for Alternative 2B are summarized in Table 5-3.  Capital costs 
for this alternative include costs associated with a possible dam safety upgrade and fish passage 
plus dam structural maintenance (FERC Requirements), construction activities for dam 
modifications (i.e., inflatable rubber dam retrofit) and groundwater containment, and any legal 
and administrative fees necessary for the implementation of the ICs.  O&M costs include 
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maintenance of dam modifications and the groundwater containment system, long-term 
monitoring and administration of ICs.   

The estimated costs for Alternative 2B, including both FERC and CERCLA requirements, are 
$72,942,798 in total dollars which is equivalent to a PV of $27,146,460.   FERC requirements 
represent the majority of these costs.  The PV cost places this alternative in the moderate to high 
achievement of the cost criterion category.   

5.2.4 Alternative 3A – Modification of Dam and Operational Practices with 
Erosion/Scour Protection plus Groundwater ICs 

Alternative 3A includes the modifications to the dam outflow works and reservoir operational 
controls plus groundwater ICs identified in Alternative 2A and the current ICs and additional 
dam safety and fish passage measures described in Alternative 1.  In addition, erosion/scour 
protection and bank stabilization are included in this alternative.  A detailed description of 
Alternative 3A is presented in Section 4.2.4. 

5.2.4.1 Overall Protection of Human Health and the Environment 

Alternative 3A is predicted to have a moderate to high achievement of overall protection of 
human health and the environment.  This Alternative’s predicted performance specific to 
protection of human health and protection of the environment are discussed separately below. 

Protection of Human Health  

Like the previous Alternatives, the risk associated with human exposure to arsenic impacted 
groundwater is addressed under Alternative 3A because the replacement water supply serving the 
Milltown community combined with monitoring of plume extent and water quality in nearby 
domestic wells still in use currently prevents ingestion of impacted groundwater.  In addition, 
Alternative 3A addresses the potential for future human exposure over the longer term by 
including additional ICs (i.e., restrictions on the construction of new well in the impacted 
groundwater area) designed to assure that there is no future domestic use of impacted 
groundwater. 
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Protection of the Environment 

Site-specific dissolved metals criteria, such as the trout TRVs, would be expected to be met 
within and downstream of the reservoir after implementation of Alternative 3A.  Federal AWQC 
would also be expected to be met except for those cases where the upstream loading causes 
exceedances.  As with Alternative 2A, modification of the dam reservoir operations should 
prevent the need for emergency reservoir drawdown during future ice jam events (and thereby 
mitigate increases in downstream metals loading while resulting in minimal construction impacts 
to short-term water quality).  In addition, there may be potential for added environmental 
protection and habitat benefits resulting from vegetation-based erosion/scour protection and 
bioengineered bank stabilization within the reservoir. 

5.2.4.2 Compliance with ARARs 

Overall, Alternative 3A is predicted to have a moderate achievement of the Compliance with 
ARARs criterion.  Similar to previous Alternatives, Alternative 3A would require waivers of 
Montana Surface and Ground Water Quality Standards specified in WQB-7.  Because this 
alternative would require the active management of solid and/or toxic waste within the 
floodplain, state location- and action-specific ARARs would not be met and a waiver would be 
required. Additional discussion on Alternative 3A’s compliance with contaminant-, location-, 
and action-specific requirements is provided in the following sections. 

Contaminant-Specific ARARs Surface Water – The predicted ability of Alternative 3A to 
achieve compliance with State of Montana’s WQB-7 Surface Water Standards was analyzed 
separately for typical flow and high flow/ice scour conditions.  Under typical flow conditions, 
the ability of Alternative 3A to comply with WQB-7 standards is predicted to be generally 
similar to current site conditions as presented in Section 5.2.1.2.  As with Alternative 2A, a slight 
reduction in WQB-7 standards exceedance frequency from current conditions may be achievable 
through the limited sediment release control provided by managing reservoir water levels but 
exceedances would still be expected periodically within and downstream of the reservoir due to 
loading from upstream (See Appendix E3).  Therefore a waiver of Montana Surface Water 
Quality Standards would likely be required if this alternative was selected.  Alternative 3A is 
expected to reduce the potential for reservoir scour and related increases in downstream total 
recoverable metals concentrations related to rapid reservoir drawdown previously required to 
protect the dam during ice scour events.  This is similar to Alternative 2A but some minimal 
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added benefit could be realized as a result of the additional revegetation/bioengineering 
streambank stabilization erosion protection work. 

Contaminant-Specific ARARs for Groundwater – As detailed in Appendix E4, Alternative 3A is 
not expected to actively affect the rate of arsenic loading from the reservoir sediments to the 
alluvial aquifer.  Therefore, the extent of the alluvial aquifer area that exceeds the 0.02 mg/l 
WQB-7 groundwater arsenic standard (i.e., the plume area) and the level of arsenic exceedances 
within plume area would remain constant under Alternative 3A.  Under this Alternative it is 
predicted that the plume would remain about 180 acres in extent (66 acres of which is outside of 
the reservoir boundary) with maximum concentrations in the 0.5 to 1.0 mg/l range for the 
foreseeable future until the reservoir sediment arsenic source is depleted.  An arsenic availability 
versus loading rate calculation (Appendix E4, Attachment A) predicted that it would take 200 to 
2,000 years to deplete the reservoir sediment arsenic source.  Therefore, a waiver of groundwater 
contaminant-specific ARARs would be required under Alternative 3A. 

Location-Specific ARARs – Alternative 3A calls for modification of the dam operational 
procedures and erosion/scour protection.  Although the erosion/scour protection activities are 
within the floodplain they are not predicted to present permanent adverse impacts to the 
floodplain or its ability to pass flood flows and should reduce the potential for erosion.  
Therefore, Alternative 3A would comply with certain aspects of the floodplain ARARs.   The 
alternative contains actions which constitute the active management of solid and/or toxic waste 
within the floodplain, and therefore would not comply with related state location- and action-
specific ARARs.  A waiver would be required.  Potentially affected protected resources under 
Alternative 3A include a small portion of the reservoir wetlands and streambanks which would 
be impacted short-term under this alternative.  The substantive requirements of these ARARs for 
avoiding adverse effects are expected to be met because stream bank stabilization and erosion 
protection through revegetation are low-impact techniques that are expected to enhance the 
biological value of the resource over the longer term and any wetland loss from construction 
could be mitigated. In fact, the revegetation work included in Alternative 3A could improve the 
functional value of approximately 60 acres of wetland/riparian habitat. No additional adverse 
impacts to other protected resources are anticipated.  Therefore, this alternative would comply 
with the protected resources ARARs.   

Action-Specific ARARs  - Alternative 3A is anticipated to comply with action-specific ARARs 
although as noted above a waiver may be required for solid waste management regulations 
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related to active management of solid waste within the flood plain.  BMPs could be used to meet 
storm water runoff requirements during vegetation enhancement.  All dam modifications would 
be subject to review and approval by FERC. 

5.2.4.3 Long-term Effectiveness and Permanence 

Overall, Alternative 3A is predicted to have a moderate ability to provide long-term effectiveness 
and permanence.  The magnitude of residual risks that may remain under Alternative 3A and the 
adequacy and reliability of controls are discussed below. 

Magnitude of Residual Risk - The magnitude of residual risks that may remain under Alternative 
3A for the surface water/aquatic system, terrestrial ecosystem and the potential for catastrophic 
release of the sediments are discussed below.  Impacted sediments would not be removed so 
there would be little or no changes in the residual risk for sediments (see Section 5.2.1.3 for 
current conditions).   

Residual Risk to Vegetation and Terrestrial Ecosystem - The magnitude of residual risk to 
vegetation and terrestrial ecosystems under Alternative 3A is predicted to be similar to current 
conditions (see Section 5.2.1.3), where there is a lack of observable impacts.   

Residual Human Health Risk from Exposure to Impacted Groundwater – Like Alternative 2A, 
this alternative does not include any active measures to restore groundwater quality but does 
include additional institutional measures designed to prevent future access to arsenic-impacted 
groundwater.  Human health risk associated with ingestion of impacted groundwater has been 
addressed by construction and operation of the replacement water supply that currently serves 
the Milltown community combined with monitoring of plume extent and water quality in nearby 
domestic wells.  This alternative further addresses risk of human exposure to contaminated 
groundwater over the longer term through use of existing or establishment of additional ICs 
such as: (1) assuring funding for maintaining the existing replacement water supply; (2) 
establishing a controlled groundwater area that includes the current plume extent plus a buffer, 
and (3) if necessary providing for a potential future need to expand existing or establish new 
replacement water supplies.  The above existing and additional ICs included in Alternative 3A 
are considered to be effective in mitigating current and potential future residual human health 
risks from exposure to contaminated groundwater. 
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Residual Risk to Surface Water/Aquatic System - The magnitude of residual risk to the surface 
water and aquatic system under Alternative 3A was analyzed separately for typical conditions 
and high flow/ice scour.  Implementation of Alternative 3A is not expected to significantly affect 
the concentrations of dissolved metals and arsenic in the surface water of the CFR below 
Milltown Reservoir relative to current typical flow/non-drawdown conditions (see Section 
5.2.1.3).  Therefore, the current conditions are considered approximately representative of the 
surface water concentrations of dissolved metals and arsenic following implementation of 
Alternative 3A.  Given: (1) the available surface water quality data set does not show dissolved 
metals concentrations above the trout TRV levels, and (2) BMI and caged fish studies have not 
shown a metals related impact downstream of the reservoir under existing conditions, residual 
risks to the aquatic system during typical or even high flow conditions are predicted to be low 
under Alternative 3A.  

Similar to Alternative 2A, Alternative 3A is predicted to have a significant effect in reducing the 
potential for reservoir sediment scour and related increases in downstream total recoverable 
metals concentrations (and a lesser effect on potential for increased dissolved concentrations) 
related to the rapid reservoir drawdown that is currently utilized to protect the dam during large 
ice scour/jam events (see Section 5.2.2.3 for a detailed discussion).  Alternative 3A would 
therefore, be expected to continue to meet trout TRVs risk-based criteria for dissolved metals 
and Federal AWQCs (except for those cases where the upstream loading causes exceedances) 
and would likely result in significantly lower total recoverable metals concentrations 
downstream of the reservoir in future ice scour/jam events.  

Residual Human Health and Ecological Risks Associated with Dam Failure - The “Continued 
Releases Risk Assessment” concluded that downstream transport of contaminants represents a 
low human health risk even in the face of a catastrophic event (i.e., an earthquake that destroys 
the dam or a very large flood that scours sediments out of the reservoir) but would present an 
acute risk to aquatic life.  As with previous Alternatives, this risk would be further mitigated 
under Alternative 3A by dam modifications to withstand the PMF and provide additional 
operational flexibility during future ice jams.   

Adequacy and Reliability of Controls – Similar to Alternative 1, controls used to manage 
sediments left in place would include long-term monitoring and five-year site reviews.  
Additional ICs and dam modifications would be predicted to provide increased protection for 
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sensitive or impacted areas and a reliable method for reducing potential risks, if any, from human 
or environmental exposure to metals-elevated sediments.  Controls used to monitor the inflatable 
rubber dam, discussed in Section 5.2.2.3 and Appendix D1, are considered to be reliable. 

5.2.4.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

Alternative 3A would not actively reduce toxicity or volume of impacted sediments.  No 
constituents would be treated or destroyed and no residuals would be generated.  The mobility of 
the impacted sediments is predicted to be reduced by implementation of the dam modifications, 
particularly during ice scour/drawdown events that historically required emergency reservoir 
drawdown. Additional reduction in the mobility of the impacted sediments may be provided by 
revegetation/streambank stabilization erosion/scour protection.  Alternative 3A would not change 
the type and quantity of current COCs present at the MRSS. Because this alternative does not 
reduce toxicity or volume and addresses mobility through a physical and/or biological 
containment rather than treatment approach, it is assigned a low to moderate achievement of the 
reduction of toxicity, mobility or volume through treatment criterion.   

5.2.4.5 Short-term Effectiveness 

Alternative 3A is predicted to have a high achievement of short-term effectiveness.  The 
protection of community, workers and the environment during remedial actions and the time 
until protection is achieved are discussed below. 

Protection of Community, Workers and the Environment During Remedial Actions - 
Implementation effects of Alternative 3A are similar to Alternative 2A with a potential for a 
minor increase of short-term risk to the community and workers associated with construction of 
riparian erosion/scour protection.  

Implementation of Alternative 3A would not result in short-term environmental impacts with the 
exception of the areas addressed by implementation of riparian erosion/scour protection 
including any access roads constructed within the floodplain and potentially by short-term 
reservoir drawdown if required for the dam modification work.  Some short-term impacts to 
approximately 75 acres of reservoir wetlands (i.e., the approximately 61 acres of wetlands 
revegetated plus additional acres potentially impacted to obtain equipment access and/or to 
complete streambank stabilization work) are anticipated under Alternative 3A associated with 
placing erosion protection/revegetation mats in higher scour potential areas.  However, the 
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impacts would be relatively minor and short-lived and the disturbed areas would be expected to 
recover to an equal or higher functional value within one to two years (Appendix G1).  Short-
term surface water quality (i.e. turbidity) and habitat impacts are expected to be minor during 
construction of riparian erosion/scour protection.  Engineering controls during construction (i.e. 
silt screens and hay bales) should be adequate to prevent significant increases in turbidity and 
any impacted habitat should quickly recover to a quality equal to or better than current 
conditions.  Adverse short-term impacts to geomorphic stability of the CFR and BFR streambed 
and flood plains would not be expected as a result of the implementation of the riparian 
erosion/scour protection work which should in fact enhance geomorphic stability in the short- 
and long-term. 

Time Until RAOs are Achieved – Construction of Alternative 3A’s inflatable rubber dam retrofit 
is expected to take approximately one construction season and would provide immediate 
protection against the potential risks associated with reservoir drawdown/ice scour events.  
Implementation of revegetation and streambank stabilization could also be completed in one or 
two construction seasons but full effectiveness could take an additional 5 or more years until 
vegetation was fully established.  Since contaminants would remain in place, and loading from 
upstream would continue, the time until RAOs are achieved (including meeting WQB-7 surface 
and groundwater standards) would be similar to Alternative 2A (see Section 5.2.2.5). 

Establishment of a CGA to prevent access to contaminated groundwater could be done in a 
relatively short period of time.  Once in place the CGA, in combination with continued 
groundwater monitoring and operation/maintenance of the replacement water supply, would 
meet the RAO for preventing human exposure to contaminated groundwater.  However, arsenic 
loading from the sediments to the alluvial aquifer would continue at current rates.  Therefore, 
meeting the RAO of restoring the aquifer to beneficial use would likely not be met for hundreds 
of years until the reservoir sediment arsenic supply was naturally depleted.   

5.2.4.6 Implementability 

Alternative 3A is predicted to have a moderate to high achievement of implementability.  
Implementability issues related to modification of the dam and operation practices, ICs, and 
long-term monitoring are similar to Alternative 2A.  Erosion/scour protection technology has 
been widely used and has been shown to successfully minimize erosion and scour along stream 
banks.  However, soft stabilization techniques such as proposed under Alternative 3A rely on 
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successful establishment of vegetation to meet performance goals and are therefore susceptible to 
impacts from environmental conditions (i.e., high flows, drought) during the time until the 
vegetation is established and self-sustaining.  This may necessitate additional O&M until 
vegetation is fully established and monitoring thereafter. 

Any activities within the floodplain would require coordination with regulatory agencies for the 
disturbance of the existing wetlands and floodplain by the construction of access roads and the 
construction of the erosion/scour protection along the stream banks and periodically inundated 
areas.  The small potential for short-term degradation of surface water quality and impacts to 
wildlife during installation of the erosion/scour may require interaction with the appropriate 
agencies for compliance with location-specific and action-specific ARARs.  In addition, any dam 
upgrades would require coordination with the dam safety regulatory agencies.  Necessary 
equipment, specialists, and materials required for the work are believed to be available though 
there may be some order lead-time requirements (for growing the required quantities at a 
nursery) if specialty pre-vegetated erosion mats are utilized for revegetation.  Off-site locations 
for treatment, storage, and disposal services are not applicable.     

5.2.4.7 Cost 

The projected costs for Alternative 3A are summarized in Table 5-3.  Capital costs for this 
alternative include costs associated with a possible dam safety upgrade and fish passage plus 
dam structural maintenance (FERC Requirements), construction activities for dam modifications 
(i.e., inflatable rubber dam retrofit), erosion/scour protection, revegetation with wetland species, 
and any legal, engineering and administrative fees necessary for the implementation of the 
remedy and ICs.  O&M costs include maintenance of dam modifications, long-term monitoring, 
stream bank stabilization, revegetation, and administration of ICs.   

The total and PV cost estimates for Alternative 3A including both FERC and CERCLA 
requirements are $78,696,478 and $29,974,415.  The PV cost places this alternative in the 
moderate to high achievement of cost criterion category.   

5.2.5 Alternative 3B – Modification of Dam and Operational Practices with 
Channelization plus Channelization and Groundwater ICs 

Alternative 3B includes the modifications to the dam outflow works, reservoir operational 
controls and groundwater containment identified in Alternative 2B and the current ICs and 
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additional measures described in Alternative 1.  Alternative 3B also includes limited sediment 
removal upstream of the dam to construct and maintain CFR and BFR channels with adequate 
capacity to convey a design flow for a 100-year storm event. Channelization and erosion 
protection of the upstream river channels would be accomplished using hard engineering controls 
(e.g. sheet piling, riprap, etc.).  A detailed description of Alternative 3B is presented in Section 
4.2.5. 

5.2.5.1 Overall Protection of Human Health and the Environment 

Alternative 3B is predicted to have a moderate achievement of overall protection of human 
health and the environment criterion.  This Alternative’s predicted performance specific to 
protection of human health and protection of the environment are discussed separately below. 

Protection of Human Health 

As discussed in Section 5.2.1.1 risk evaluations show that, with the exception of the potential for 
ingestion of arsenic-impacted groundwater, the human exposure pathways for MRSS COCs are 
not considered to be significant (Section 1.4.3).  Like Alternatives 1 and 2A, the risk associated 
with human exposure to arsenic impacted groundwater is addressed under Alternative 3B 
because the replacement water supply serving the Milltown community combined with 
monitoring of plume extent and water quality in nearby domestic wells still in use currently 
prevents ingestion of impacted groundwater.  In addition, assuming it was technically feasible to 
construct an effective barrier, Alternative 3B may further reduce the risk of human exposure to 
impacted groundwater downgradient of the slurry wall/grout curtain containment barrier.  
However, as detailed in Appendix E4, assuming the groundwater containment barrier was 95% 
effective, groundwater standards in the downgradient aquifer would not be fully achieved under 
Alternative 3B.  Therefore, similar to Alternative 2A, the protectiveness of this alternative would 
rely on groundwater ICs to prevent human exposure to impacted groundwater. 

Protection of the Environment 

Site-specific dissolved metals criteria, such as the trout TRVs, would be expected to be met 
within and downstream of the reservoir after implementation of Alternative 3B (Appendix E1).  
Federal AWQC would also be expected to be met, except for those cases where upstream loading 
causes exceedances.  A reduction in downstream total recoverable metals loading is predicted 
under both typical and high flow events under this alternative (see Appendices E2 and E3).  
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However, because of continued upstream loading, the alternative is not predicted to eliminate 
periodic exceedances of state criteria downstream.  Additionally, implementation of Alternative 
3B will result in the permanent on-site loss of approximately 13 acres of reservoir wetlands as 
well as the loss of aquatic habitat in the one mile long channelized reach (Appendix G1). 

The short-term degradation of surface water quality during the implementation of Alternative 3B 
(i.e. for a period of approximately two years during the initial removal then for shorter durations 
during future periodic maintenance removals) could result in violations of WQB-7 total 
recoverable metals standards and exceedances of trout TRVs and Federal AWQC for dissolved 
metals.  Actions to minimize effects on surface water quality would be implemented during 
construction.  However, it is possible that some  adverse environmental impacts would occur in 
the short-term (Appendix G2).  In addition, disposal of sediments removed under this alternative 
will result in environmental impacts/risks at the disposal facility location.  Appropriate site 
selection and design can minimize, but not eliminate, potential impacts to habitat and water 
quality.   These impacts may be more pronounced for the slurry transport/wet disposal option 
given that: (1) the possible sites identified by MCCHD that are close enough to the reservoir to 
utilize slurry transport, are generally in close proximity to surface water bodies and/or overlie the 
alluvial aquifer and, (2) wet disposal itself presents a greater risk of contaminant release in the 
event of a repository dam or liner failure. 

5.2.5.2 Compliance with ARARs 

Overall, Alternative 3B is predicted to have a moderate achievement of Compliance with 
ARARs.  Similar to previous alternatives, a waiver of Montana Surface Water Quality Standards 
specified in WQB-7 would likely be required due to continued loading from upstream.  Similar 
to Alternative 2B, a waiver of WQB-7 groundwater standards would be required upgradient of 
the groundwater containment barrier, and likely also for portions of the alluvial aquifer 
downgradient of the barrier.  Compliance with location-and action-specific ARAR requirements 
associated with wetlands, floodplain, threatened and endangered species and critical wildlife 
habitat management would be problematic (due to a substantial disturbance of the floodplain 
during removal of the sediments and channelization).  Some off-site restoration of lost resources 
(e.g. wetlands) would be required to mitigate significant impacts of response actions.  Because 
this alternative would require the active management of solid and/or toxic waste, within the 
floodplain, state location- and action-specific ARARs would not be met and a waiver would be 
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required.  Additional discussion on Alternative 3B’s compliance with contaminant-, location-, 
and action-specific requirements is provided in the following sections. 

Contaminant-Specific ARARs for Surface Water – The predicted ability of Alternative 3B to 
comply with State of Montana’s WQB-7 Surface Water Standards  was analyzed separately for 
typical flow and high flow/ice scour conditions.  Alternative 3B calls for channelization and 
periodic sediment removal upstream of the dam.  Because the removal and channelization creates 
a larger slack water area, a greater percentage of TSS from upstream sources would be captured 
behind the dam (i.e., enhanced sediment basin effect) thereby reducing loading below the dam.  
Total recoverable metals and arsenic are components of TSS in the CFR and Milltown Reservoir 
and are therefore reduced accordingly through sedimentation of particles from the water column.  
Potential removal efficiencies of TSS and metals for the different sedimentation basins provided 
by Alternatives 3B, 6A and 6B have been calculated and are presented in Attachment A to 
Appendix E3. 

Reduction of total recoverable metals and arsenic concentrations in the water column 
downstream of the dam, due to the enhanced sedimentation basin provided by Alternative 3B, is 
estimated to be as much as 34%.  The predicted ability for Alternative 3B to comply with surface 
water quality ARARs can be approximately estimated by applying this reduction to the current 
USGS surface water total recoverable metals and arsenic concentration data for the USGS station 
located downstream of the dam on the CFR above Missoula.  These adjusted concentration 
values are then compared to water quality standards. This evaluation is presented in Appendix 
E3 for typical flow conditions and Appendix E2 for high flow/ice scour conditions.   

Under typical flow conditions, after implementation of Alternative 3B, a reduction in 
downstream metals loading to the surface water is predicted.  However, although a reduction in 
metals loading is predicted, calculations suggest that approximately 21% of surface water 
samples (total recoverable copper) would exceed WQB-7 acute aquatic life standards, and 
approximately 30% would exceed chronic aquatic life standards at the USGS gage on the CFR 
above Missoula.    Compliance with Montana Surface Water Quality Standards for aquatic life 
would not be attained and a waiver would be required if this alternative was selected. 

Alternative 3B is predicted to have a significant effect on reducing the potential for sediment 
scour and downstream metals loading during ice scour events by: 1) reducing the potential need 
to rapidly drawdown the reservoir (see Section 5.2.2.2 and Appendix E2 for discussion of the 
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influence of reservoir drawdown on downstream sediment/metals loading); 2) reducing the 
potential for physical scour of reservoir sediments by the moving ice and; 3) increasing (by as 
much as 34%) the potential for sedimentation in the reservoir of incoming metals.  Therefore, 
Alternative 3B is predicted to significantly decrease the frequency and magnitude of exceedances 
of WQB-7 total recoverable standards downstream of the dam during ice scour and high flow 
events but, due to continued loading from upstream, would not eliminate these periodic 
exceedances.  

Contaminant-Specific ARARs for Groundwater – As detailed in Appendix E4, Alternative 3B is 
expected to significantly reduce, but not eliminate, arsenic loading from the reservoir sediments 
to the downgradient alluvial aquifer.  Using typical containment effectiveness values for slurry 
walls constructed at other sites and assuming conservation of mass along the flow path, the 
Appendix E4 analysis predicted arsenic concentrations in the aquifer downgradient of the barrier 
would be reduced approximately 10-fold compared to current conditions.  If this level of 
reduction was achieved than maximum concentrations in the alluvial aquifer downgradient of the 
barrier would be expected to be decreased to less than 100 ug/l and the extent of the plume area 
would be expected to be reduced significantly, but not eliminated.  Since the rate of arsenic 
release from the sediments would likely be reduced by the containment barrier it is possible that 
it may take even longer under this alternative than under the no action alternative to fully deplete 
the sediment arsenic source and achieve groundwater standards across the entire site.  Therefore, 
a waiver of groundwater contaminant-specific ARARs would be required, though the extent of 
the exceedance area is likely to be considerably smaller than under Alternatives 1 or 2A.   

Location-Specific ARARs – Location-specific ARARs that apply to the 
excavation/channelization of the CFR and BFR and construction of the groundwater containment 
system are floodplain and streambed ARARs.  Excavation and channelization would be designed 
to comply with floodplain ARARs including designing the channel for a 100-year flood event.  
The alternative contains actions which constitute the active management of solid and/or toxic 
waste within the floodplain, and therefore would not comply with related state location- and 
action-specific ARARs.  A waiver would be required.  Potentially affected protected resources 
under Alternative 3B include permanent loss of approximately  13 acres and disturbance of an 
additional approximately 12 acres of on-site wetlands as a result of channelizing the river 
(Appendix G1).  On-site wetland re-establishment would not be possible.  Thus, off-site 
mitigation would be necessary to address the basin wide “no net loss” of wetlands ARAR 
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requirement. Other protected resources that, if present, could potentially be affected by 
destruction of habitat and wetlands or by short-term water quality impacts from 
dredging/channelization, include threatened or endangered species, such as bald eagles or bull 
trout.  However, these impacts could be mitigated and the water quality impacts would be limited 
to an approximately 2-year long construction period during the initial removal plus a partial year 
during the subsequent periodic removals.  There are no anticipated actions affecting any known 
resources eligible for the Register of Historic Places, historic sites, buildings or antiquities, and 
Native American cultural and historic resources, or any Native American graves.   

Action-Specific ARARs – The potential for short-term degradation of surface water quality 
during the implementation of Alternative 3B is anticipated to require use of BMPs to comply 
with state law allowing for surface water quality standards exceedances during remedial action 
dredging/construction activities.   Water treatment effluent associated with treated dredge water 
may require a waiver of discharge standards [note: a water treatment effluent waiver would 
likely be required because there is technical uncertainty related to compliance with an 18 ug/l 
arsenic discharge standard or a copper discharge standard of approximately 12 ug/l (hardness 
dependent) for effluent from a sediment dewatering treatment plant].  Storm water runoff and 
point source controls would be addressed by using BMPs during construction.  The removal of 
sediments would be required to comply with state solid waste ARARs concerning the handling, 
transportation, and/or storage of solid wastes.  Off-site disposal requirements would apply and 
could be met. 

5.2.5.3 Long-term Effectiveness and Permanence 

Overall, Alternative 3B is predicted to provide moderate achievement of the long-term 
effectiveness and permanence criterion.  The magnitude of residual risks that may remain under 
Alternative 3B and the adequacy and reliability of controls are discussed below. 

Magnitude of Residual Risk - The magnitude of residual risks that may remain under Alternative 
3B for the surface water/aquatic system, terrestrial ecosystem and against the potential for 
catastrophic release of the sediments were evaluated.  The magnitude of residual risks that may 
remain under specific to the terrestrial ecosystem, human health and the surface water/aquatic 
system, are discussed below.  
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Residual Risk to Vegetation and Terrestrial Ecosystem - Some residual risk to vegetation and 
terrestrial ecosystems under Alternative 3B is predicted due to a permanent loss of wetlands and 
channel fringe habitat above the dam (from the channelization of the CFR and BFR and 
construction of the groundwater containment system).  However, these loses can be mitigated 
through wetland replacement as discussed in Section 5.2.4.5 and Appendix G1. 

Residual Human Health Risk from Exposure to Impacted Groundwater – Like Alternative 2B, 
this alternative reduces the risk of human exposure to impacted groundwater actively, through 
groundwater containment, and passively, through maintenance of the existing replacement water 
supply and other additional institutional measures designed to prevent future access to arsenic-
impacted groundwater.  As discussed in Section 5.2.3.2, it is possible that arsenic concentrations 
would be reduced downgradient of the barrier to below drinking water standards but it is 
considered more likely that some exceedances would still occur in the alluvial aquifer beneath 
Milltown even after barrier construction.  Therefore, similar to Alternative 2A, this alternative 
would likely still be dependent on use of existing or establishment of additional groundwater ICs 
covering the area downgradient of the barrier to fully mitigate human health risks associated with 
ingestion of arsenic-impacted groundwater.  Overall, Alternative 3B is considered to provide 
some additional protection against the residual risk of human exposure to impacted groundwater 
downgradient of the barrier, because, even if not fully effective in reducing concentrations to 
below drinking water standards at all locations downgradient of the barrier, it would at a 
minimum reduce plume extent.   Implementation of Alternative 3B would likely increase arsenic 
concentrations in the alluvial aquifer and reservoir sediment pore water upgradient of the barrier.  
However, this would not be expected to represent a significant risk of human exposure given the 
area upgradient of the barrier is largely within the reservoir boundary. 

Residual Risk to Surface Water/Aquatic System - The impacted sediments most susceptible to 
scour would be removed and the dam modified to reduce the need for emergency drawdown so 
there may be a reduction in the residual risk from downstream metals loading particularly during 
ice scour events.  However, as discussed in Appendices E2 and E3, dissolved metals 
concentrations, which represent the potential for aquatic risk, would be less affected by partial 
sediment removal/channelization.  Mickey’s (1998) findings that, with the exception of Mn, the 
reservoir did not have a significant net effect on dissolved metals concentrations before and 
during the 1997 high flow event, suggests that Alternative 3B is likely to have little or no effect 
on downstream dissolved metals concentrations during typical or high flow conditions.  As with 
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all the alternatives which include installation of a rubber dam, this alternative would significantly 
reduce the chance of exceeding dissolved trout TRVs or Federal AWQC during ice 
scour/drawdown events.  As previously noted, it is possible that the groundwater containment 
component of Alternative 3B could increase recharge of impacted groundwater from the 
sediments into the surface water potentially increasing surface water dissolved metals 
concentrations particularly during low flow conditions.   

Residual Human Health and Ecological Risks Associated with Dam Failure - The catastrophic 
release potential was low under the No Further Action Alternative.  Alternative 3B is predicted 
to further reduce this low risk by removing sediments directly behind the dam and channelizing 
the river.  In the unlikely event of a catastrophic failure of the dam, scouring of impacted 
sediments from the lower reservoir would be greatly reduced. 

Adequacy and Reliability of Controls – Similar to Alternative 1, controls used to manage 
sediments left in place, removed sediments and treatment residuals would include long-term 
monitoring and five-year site reviews.  Sediments in the channel above the Milltown Dam would 
be removed and disposed of in a repository and monitored.  Monitoring would be adequate to 
determine if engineered containment measures are reducing concentrations and controlling the 
mobility of impacted sediments in the repository.  Additional ICs and dam modifications would 
be predicted to provide reduced metals loading to the surface water, increased protection for 
sensitive or impacted areas and a reliable method for reducing potential risks, if any, from human 
or environmental receptor exposure to sediments.  Controls used to ensure the reliability of the 
inflatable rubber dam are presented in Section 5.2.2.3.  As discussed in Section 5.2.3.3, the 
reliability of the groundwater containment component of Alternative 3B is less certain, 
particularly under the site conditions expected at the MRSS.   

5.2.5.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

Alternative 3B is predicted to provide a moderate achievement of the reduction of toxicity, 
mobility, or volume through treatment criterion.  A sediment removal action would reduce the 
mobility of the COCs at the MRSS through removal/disposal in an off-site engineered repository 
of some sediments but would not directly treat or destroy the removed sediments to reduce 
toxicity or volume and in fact may increase the total volume of impacted material by mixing 
unimpacted alluvium with metals-elevated sediments during excavation.  The removal of the 
sediments would reduce the volume but would not change the toxicity of COCs remaining at the 
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MRSS particularly since the sediments removed are those from the active channels which 
typically have lower metals concentrations.  Treatment of water generated during sediment 
dewatering would reduce toxicity and mobility of approximately 800 million gallons of impacted 
water but would be predicted to generate large amounts of residual sludges that would require 
disposal (up to approximately 40,000 cy of sludge may be generated based on the 20,000 to 
158,000 cy of sludge that the 1996 FS estimated would be generated by treating water during 
removal of 2.4 to 2.8 mcy of sediment).  Channelization would reduce the mobility of impacted 
sediments left in place by reducing the potential for future riparian erosion and scour.  
Groundwater containment would reduce the mobility of COCs in the alluvial aquifer 
downgradient of the slurry wall/grout curtain barrier but could increase COC concentrations and 
toxicity in groundwater upgradient of the barrier.  

5.2.5.5 Short-term Effectiveness 

Alternative 3B is predicted to provide a moderate achievement of short-term effectiveness.  
There would be significant adverse impacts to the reservoir wetlands and aquatic habitat as well 
as short-term water quality impacts associated with the initial sediment dredging and with 
subsequent maintenance dredging (conservatively estimated to occur at 4-year intervals).  The 
protection of community, workers and the environment during remedial actions and the time 
until protection is achieved are discussed below. 

Protection of Community, Workers and Environment During Remedial Actions – An increase in 
short-term risk to the community and workers, associated with construction of dam upgrades (as 
described in Section 5.2.2.5), groundwater containment construction (as described in Section 
5.2.3.5), dredging, dewatering, and hauling sediments and channelization of the river would be 
expected with implementation of Alternative 3B.  Excavation, dewatering and transportation 
activities would increase airborne dust, risk associated with truck traffic and erosion of sediments 
into the reservoir surface water from disturbed areas. There would be continuing risk to local 
communities and workers related to periodic excavation activities, dewatering and transportation 
of sediment and maintenance of repository.  However, these risks can be mitigated and largely 
controlled. 

On-site safety issues associated with implementation of this alternative are primarily due to the 
operation of heavy equipment and the potential for worker exposure to both impacted media and 
treatment chemicals.  There would be continuing risk to workers related to O&M of the 
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repository, periodic sediment excavation, water treatment facility, transportation of sediment and 
water treatment sludges to the disposal location, as well as other general construction hazards.  
The comparative risks from excavation and transportation of sediments include injuries and 
deaths due to traffic accidents during numerous (i.e. 35,000 or more) truck trips (assuming a 
trucking option was selected) to and from a repository and increased worker transportation 
mileage.  Based on the Montana Department of Transportation (MDOT) statistics it would be 
expected that an increase in fatal or injury accidents would occur associated with the hauling of 
sediments to the proposed repository site.  The predicted risks to truck drivers associated with 
traffic accidents during hauling sediments was quantitatively evaluated in the 1996 FS (ARCO 
1996) based on transporting approximately 2.8 mcy to BFI landfill (see Appendix D3-2 for the 
original FS accident risk calculation).  Extrapolating the 1% to 2% probability of a truck driver 
fatality predicted for transport of 2.8 mcy  to the approximately 0.7 mcy to be transported under 
Alternative 3B would predict a 0.25% to 0.5% probability of a truck driver fatality (assuming 
truck transport of sediments to BFI).  This fatality probability is only for truck drivers; additional 
unquantified risks to other drivers would also occur.  These risks should be reduced through 
implementation of appropriate health and safety programs.   

Implementation of Alternative 3B would result in short-term environmental impacts including 
the permanent loss of approximately 13 acres of on-site wetlands with high function value from 
the channelization of the CFR and BFR.  An additional approximately 12 acres of wetlands 
would likely be disturbed but not lost due to construction activities.  An evaluation determining 
the extent of on-site wetlands impacted or lost under each alternative and the potential for on-site 
versus off-site replacement of lost wetlands is presented in Appendix G1. The Potential for in-
kind  mitigation to offset the lost wetland habitat would be limited for Alternative 3B.  Wetlands 
could be replaced off-site but would require time to achieve the functionality of the lost on-site 
wetlands.   

[Note To Reviewers – The following discussion of Dredging Resuspension/Contaminant 
Release for Sediment Removal Alternatives taken from the Final FFS (AERL, 2001) has 
not been updated for the Corps memo “Evaluation of Contaminant Release from Dredging  
of Clark Fork and Blackfoot River Sediments” since we are waiting on receipt of a final 
version of the Corps memo before adding it to the CFS Appendix G2-3, revising this 
discussion, and if applicable, revising the performance scoring of dredging Alternatives for 
this criteria.]  
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Short-term surface water quality impacts (turbidity and contaminant release increases) are 
expected due to dredging and channelization operations (during initial and periodic sediment 
removals).  Appendices G2-1 and G2-2, include a study on turbidity increases during dredging 
operations at other sites and site specific data on turbidity and metals increases in downstream 
surface water during previous construction work within the reservoir performed as part of the 
1986 Phase I Dam Rehabilitation, respectively.  The dredging turbidity at other sites study 
indicates that the quantity of sediments brought into suspension (turbidity clouds) during 
remedial dredging varies between 0% and 5%.  The turbidity study concluded “Despite a lot of 
research and due to the complexity of the problem, it is still very difficult to predict levels of 
turbidity increase and release of contaminants.  Moreover it is still not clear if, and in which 
cases, the resuspension of sediments and the possible release of contaminants are a real problem 
or not.”  Actual water quality data collected during the 1986 dam rehabilitation identified 
repeated exceedances of WQB-7 water quality standards downstream of the dam.  The 1986 
rehabilitation activities included construction and excavation of a cofferdam along the BFR and 
CFR streambanks, grout curtain across the BFR, and excavation of sediments behind the dam.  
Although not directly comparable to the potential impacts of environmental dredging the 
evaluation of the 1986 rehabilitation water quality impacts provided in Appendix G2-2 
demonstrates that surface water impacts can be expected downstream of Milltown Dam during 
any activities that involve construction in the reservoir sediment area.  In addition to 
turbidity/total recoverable metals loading, dredging may cause a change in geochemical 
conditions in the reservoir that could result in an increased release of dissolved metals and 
increased risk to aquatic life.  For example, if dredging exposes impacted sediments currently in 
reduced conditions (where copper solubility is low) to oxidizing conditions (where copper 
solubility increases) there is a potential for release of dissolved copper and zinc to the surface 
water. 

Because turbidity is a concern, additional measures to control turbidity would be necessary and 
may include low turbidity dredges and/or engineering controls such as silt curtains.  However, 
these measures could be ineffective in containing dissolved constituents and themselves can 
generate significant turbidity when being installed or removed. When dredging activities are 
conducted in a high energy environment (i.e., river channel) additional measures may include 
jersey barriers that are temporarily placed in the river immediately upstream of the point of 
excavation and perpendicular to the river flow direction.  The purpose of the barriers is to reduce 
the river velocity at the point of excavation, not to create a dry riverbed.  Since excavation 
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activities for this alternative would be performed beneath flowing water, quality control would 
be difficult.  Reduced visibility, resettlement of sediment into the active excavation, and scouring 
of the active excavation may make it difficult to control the depth of excavation.  Some 
contaminated material may be left behind in some excavation areas and over-excavation of clean 
sediments may occur in other areas.   

Impacts of resuspension are generally considered a short-term effect of dredging.  However, 
environmental dredging production rates greatly influence the project duration and can result in 
longer impacts than anticipated (see issues associated with implementability, Section 5.2.5.6, and 
its effects on project duration).  For purpose of analysis, the dredging work associated with 
Alternative 3B is expected to last two construction seasons.  However, it could take much longer. 

In addition to the potential short-term impacts of dredging on surface water described above, the 
physical disturbance of sediments can destabilize the geochemical environment in the reservoir, 
potentially increasing dissolved metals loading to the groundwater.  However, the change in 
geochemistry  (i.e., exposing reduced sediments to oxidized surface water) would be expected to 
have a greater effect on increasing copper solubility and mobility.  This is a significant concern 
from a surface water loading/risk to aquatic life standpoint but less of a concern from a 
groundwater loading/human exposure standpoint because groundwater copper standards are 
much higher than surface water copper standards.  A significant increase in arsenic loading to 
groundwater during dredging, which is of greater concern from a human exposure to 
contaminated groundwater standpoint, due to geochemical environment changes would be less 
likely.  Also for Alternative 3B, groundwater degradation during dredging would be mitigated 
by: 

1. the groundwater containment barrier (assuming it was practicable to install the barrier in 
advance of dredging and it was effective in isolating lower reservoir groundwater from 
the downgradient aquifer); and 

2. the amount and type of sediments dredged.  Alternative 3B dredging is restricted to 
approximately 0.7 million cubic yards of sediments located in Sediment Accumulation 
Area I (i.e., the CFR and BFR lower reservoir channels).  Sediment cores and pore water 
samples suggest these sediments have, on average, lower metals and arsenic 
concentrations and are less reducing than sediments in Accumulation Area I. 
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Geomorphic stability impacts (i.e. the potential for upstream headcutting) associated with 
Alternative 3B’s limited sediment removal and channelization would not be expected to be 
significant since the dam remains in place controlling river stage and base levels.  However, 
there may be some additional short-term scour and headcutting on the CFR channels 
immediately upstream of Duck Bridge (where the channelized and deepened section ties into the 
upper reservoir) and on the BFR (upstream of the reservoir) where sediments are not removed. 

Some off-site environmental impacts would be expected under this alternative associated with 
construction and operation of the sediment disposal facility. Short-term risks at the disposal 
facility would be expected to be greatest for the near reservoir wet disposal option given that: (1) 
failure of the tailings dam or slurry pipeline could release sediments to the environment in semi-
liquid slurry form and, (2) failure in the repository liner may result in a larger release under the 
greater hydraulic head expected in the wet disposal facilities leachate collection system.   

Time Until RAOs are Achieved - Construction of the channel and initial sediment removal for 
Alternative 3B is expected to take approximately two construction seasons.  Replacement of lost 
wetlands would take several years to a decade depending on whether the lost wetlands were 
grass or shrub dominated.  Since contaminants would remain in place, and loading from 
upstream would continue, the time until all surface water RAOs are achieved (including meeting 
WQB-7 standards downstream of the dam) would be similar to Alternative 2A  (see Section 
5.2.2.5). 

Construction of a groundwater containment system and establishment of a CGA and to prevent 
access to contaminated groundwater components of Alternative 3B could be done in a relatively 
short period of time (i.e., one to two years).  Once in place the CGA, in combination with 
continued groundwater monitoring and operation/maintenance of the replacement water supply 
would meet the RAO for preventing human exposure to contaminated groundwater.  It is likely 
that the groundwater containment measures included in Alternative 3B would increase the time 
until the groundwater RAO of returning groundwater to beneficial use is achieved site wide, 
since natural attenuation mechanisms at the site are disrupted.  Alternative 3B should reduce the 
extent of impacted groundwater downgradient of the barrier, expediting the timeframe for 
achieving RAOs related to preventing further migration of impacted groundwater.  However, 
constituent concentrations would not decrease to below applicable standards for hundreds to 
thousands of years upgradient of the containment barrier. 
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5.2.5.6 Implementability 

Alternative 3B would have a moderate achievement of implementability based on 
implementation difficulties associated with construction of the groundwater containments system 
(see discussion in Section 5.2.3.6) combined with uncertainties in obtaining agency approval for 
dredging and on technical feasibility problems associated with  presence of debris, seasonal 
constraints and potential for flooding.   Modification of the dam and operation practices, 
establishment of additional ICs, and long-term monitoring are expected to be highly 
implementability as discussed for Alternative 2A in Section 5.2.2.6.   

Ability to Construct and Operate the Technology – Modification of the dam and operation 
practices, ICs, and long-term monitoring are all highly implementable, similar to Alternative 2A.  
Ability to construct a non-leaky groundwater containment system, given site conditions at MRSS 
is suspect.  The ability to construct and operate, and the reliability of, channelization would be 
relatively high because channelization is a widely used technology.  However, precision type 
dredging used for environmental remediation projects is a difficult, energy intensive and 
uncertain activity that must be done “blind” with little chance to visually observe the work zone 
(as noted under ability to monitor effectiveness discussions, some technologies are available to 
partially offset the lack of visual observation ability).  Productivity is slow on environmental 
dredging when compared to navigational dredging and debris intermixed with sediments is 
anticipated, complicating dredging operations.  In order to remove all the targeted sediments, 
additional sediment must be targeted for removal, increasing the volume of contaminated 
sediments, and potentially mixing contaminated reservoir sediments with underlying alluvium.  
In addition, dredging re-suspends and releases sediments to the water column.  There are means 
to minimize the adverse impacts of dredging.  However, they must be balanced with productivity 
objectives to limit project duration and costs to within forecasts.  Sediment removal operations 
may be suspended during portions of the year due to environmental constraints such as seasonal 
high flows, fish spawning or bird nesting activities and extreme weather conditions causing 
severe freezing, which may limit hydraulic dredging operations.  Flooding during construction 
may cause severe delays and environmental  impacts.   

Reliability of Technology – The reliability of the groundwater containment system is reduced 
due to uncertainties associated with the long-term integrity of an inaccessible physical barrier 
and the complex site geology/hydrogeology.  The ability to achieve reasonable sediment removal 
production rates will be dictated by several factors including robustness in design of the 
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dredging-slurry transport-decantation-water treatment systems, experience of dredge system 
operator, weather conditions, river flow rates, effectiveness of turbidity controls, sediment 
compaction variability, as well as types and amounts of debris encountered.  It is assumed that a 
production efficiency of 50% will be achieved for this project but it is subject to the factors 
described earlier.  The 50% efficiency assumption is based on the USACE September 20, 2000 
Evaluation of Dredging Costs (Appendix I1-M) and is consistent with the USACE March 2, 
2001 Memorandum stating, “A more common value is 60%, and in some cases 45%.” (Appendix 
H1).  The USACE March 2, 2001 Memorandum also states that, “ For Milltown Dam, were the 
upstream disposal site (3 miles away) to be used, three boosters would be needed.  A predicted 
production rate for this scenario is 30-40%”. 

Silt curtains, sheet pile or other containment barriers are used in conjunction with dredging to 
control turbidity. The application and efficiency of these methods are made more difficult due to 
the flowing waters within the reservoir.  For this reason, dredging will only take place during 
lower flow conditions after the snowmelt runoff in June through the onset of freezing weather in 
November.  In conclusion, hydraulic and mechanical dredging and the other necessary portions 
of the transport-decantation-water treatment systems are proven technologies but production 
rates and costs may vary dramatically in order to maintain a reasonably high degree of turbidity 
control effectiveness.  Increased turbidity is expected to affect water quality downstream to 
varying degrees because of the partial effectiveness of the various turbidity control measures and 
flowing waters in the reservoir.  

In addition to the concerns relative to maintaining production rates and sediment turbidity 
control, the following additional implementability difficulties would be anticipated: 

1. water treatment plant may have difficulty in meeting state water quality discharge 
standards; 

2. dewatering during wet or cold periods would be difficult and may cause delays impacting 
other operations; and 

3. surface water protection features may prove unreliable should flooding or high flow 
events occur during removal operations as occurred during previous dam rehabilitation 
work causing delays, shutdowns and environmental impacts.    
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Ability to Monitor Effectiveness – The effectiveness of the groundwater containment system 
could be monitored using a series of piezometers installed on both sides of the barrier.  The depth 
of dredging can be well controlled using depth controlled dredging cutters, multibeam 
fathometry, differential GIS and laser positioning.  Monitoring the effectiveness of turbidity 
controls can be accomplished with downstream turbidity meters.  Overall, monitoring of dredge 
and turbidity effectiveness is moderate to high. 

Ability to Obtain Approvals/Coordination with Other Agencies - Any activities within the 
floodplain would require coordination with regulatory agencies for the disturbance of the 
existing wetlands, floodplain and streambeds/banks by the construction of haul roads, pipelines 
and the channelization.  The removal and transportation of sediments and residual treatment 
sludges would require consultation with appropriate agencies, and the transportation work may 
require acquisition of right-of-ways for access roads, rail spurs or slurry pipelines, and 
modifications or interruption of traffic on I-90 (under the truck transportation option).  In 
addition to consultation/coordination, formal approvals from appropriate agencies would be 
required for siting and constructing an off-site disposal facility (i.e., a facility that is not located 
within or near an existing Clark Fork Basin Superfund Site).  Interaction with the appropriate 
agencies for use of remedial action construction variances under State law  (particularly WQB-7 
surface water quality standards for metals and arsenic) would be necessary for long-term impacts 
and short-term degradation during implementation activities.  In addition, any dam upgrades 
would require coordination with FERC.   

Availability of Necessary Equipment, Specialists, Materials and Off-Site Facilities – Specialized 
equipment capable of excavating the slurry wall to the required depths and installing the grout 
curtain across the BFR from a barge would be required for construction of the groundwater 
containment system.  However, this specialized equipment should be obtainable given sufficient 
lead-time.  Standard and available specialized excavation equipment and relatively standard 
practices would be used during removal of the sediments and channelization of the river.  A 
significant amount of lead time would be required to obtain, mobilize and set up the required 
sediment dewatering and handling equipment in sufficient quantities to maintain the desired 
sediment removal rates and complete the project.  A preliminary evaluation of the availability 
and potential capacity of certain off-site locations for treatment, storage, and disposal services 
was conducted (Appendices D3-1 and D3-2).  Some potential sites were identified in Missoula 
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County by MCCHD that potentially would have sufficient capacity (assuming suitability and 
landowner willingness) for the limited removal sediment volumes under Alternative 3B.     

5.2.5.7 Cost 

The projected costs for Alternative 3B are summarized in Table 5-3.  Capital costs for this 
alternative include costs associated with a possible dam safety upgrade and fish passage plus 
maintenance of the dam structure (FERC Requirements), construction activities for dam 
modifications (i.e. inflatable rubber dam retrofit), excavation, transport and disposal of 
sediments, repository construction, water treatment and sediment dewatering, channelization, 
wetland mitigation, and any legal, engineering and administrative fees necessary for the 
implementation of the remedy and ICs.  O&M costs include maintenance of dam modifications, 
long-term monitoring and repository O&M, stream bank stabilization O&M, revegetation O&M, 
and administration of ICs.  Periodic costs for this alternative include the costs to remove 
sediments from upstream that reaccumulate in the channels created by the initial removal.  
Appendix I1 presents costs for the various sediment transportation and disposal options that were 
evaluated.  For all the CFS alternatives that involve sediment removal (i.e. Alternative 3B 
through 7), the lowest cost sediment transportation and disposal options evaluated (i.e. slurry 
transportation to near reservoir wet disposal site) are assumed for rating relative cost 
performance.   

Assuming use of slurry transport to near reservoir wet disposal option, the total and PV cost 
estimates for Alternative 3B, including both FERC and CERCLA requirements, are 
$365,190,244 and $99,817,523.  The PV cost places this alternative in the moderate achievement 
of the cost criterion category.  

5.2.6 Alternative 5 – Dam Removal, Partial Sediment Removal with Channelization and 
Leachate Collection/Treatment 

Alternative 5 includes removal of Milltown Dam and a one-time sediment removal to create 
deeper CFR and BFR channels upstream of the dam.  The upstream channels would be 
reconstructed and armored to be compatible with the river bottom grade after dam removal and 
would be sized for a 100-year storm event.  In addition, leachate would be collected and treated 
from metals-impacted sediments left in place to mitigate releases to surface water.  A detailed 
description of Alternative 5 is presented in Section 4.2.6. 
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5.2.6.1 Overall Protection of Human Health and the Environment 

Alternative 5 is predicted to have a moderate achievement of overall protection of human health 
and the environment.  This Alternative’s predicted performance specific to protection of human 
health and protection of the environment are discussed separately below. 

Protection of Human Health 

As discussed in Section 5.2.1.1 risk evaluations show that, with the exception of the potential for 
ingestion of arsenic-impacted groundwater, the human exposure pathways for MRSS COCs are 
not considered to be significant (Section 1.4.3).  Like Alternatives 1 and 2A, the risk associated 
with human exposure to arsenic impacted groundwater is addressed under Alternative 5 because 
the replacement water supply serving the Milltown community combined with monitoring of 
plume extent and water quality in nearby domestic wells still in use currently prevents ingestion 
of impacted groundwater.  In addition, Alternative 5 may further reduce the risk of human 
exposure to impacted groundwater in the alluvial aquifer through active measures that should 
reduce the extent of the arsenic plume.  As detailed in Appendix E4, Alternative 5 is expected to 
reduce arsenic loading from the reservoir sediments to the downgradient alluvial aquifer by a 
combination of; 1) removal of a small portion of the sediments, 2) active pumping of leachate 
from high-pore-water-concentration areas of left-in-place sediments, and 3) the effects of dam 
removal on sediment water levels and aquifer recharge rates.  The combined effect of the above 
is to reduce sediment arsenic loading to the downgradient aquifer by an estimated 95%.  This 
level of loading reduction is estimated to reduce arsenic concentrations in the alluvial aquifer 
beneath Milltown by approximately 10-fold.  However, some exceedances of drinking water 
arsenic standards would still be expected in the alluvial aquifer.   Therefore, similar to 
Alternative 2A, the protectiveness of this alternative would rely on groundwater ICs to prevent 
human exposure to impacted groundwater. 

Protection of the Environment 

Alternative 5 is predicted to have little effect on CFR surface water quality under most 
conditions, particularly as relates to dissolved constituent concentrations which are most relevant 
from a risk to aquatic life standpoint.  Site-specific dissolved metals criteria, such as trout TRVs, 
would be expected to continue to be met in the channelized reach as well as downstream.  
Federal AWQCs would also be expected to be met, except for those cases where the upstream 
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loading causes exceedances. As with Alternative 3B, a reduction in scour/erosion of reservoir 
sediments is predicted particularly during ice scour and high flow events due to isolation of 
sediments in the lower reservoir from CFR and BFR flows.  However, due to continued loading 
from upstream, water quality in the CFR above Missoula would still be expected to periodically 
exceed state water quality standards. Degradation of surface water quality during the 
implementation of Alternative 5 will likely require an ARAR waiver for water treatment effluent 
associated with treated water from sediment dewatering.  Turbidity control actions would be 
taken to minimize the effects of dredging and dam removal on surface water quality.  However, 
it is likely that environmental impacts would still occur, particularly given the likelihood of 
increases in dissolved metals loading due to exposing reduced sediments to oxygenated water 
during dredging that would not be mitigated by standard turbidity control techniques (Appendix 
G2). 

Implementation of Alternative 5 will likely result in the draining and on-site loss of 
approximately 127 acres of wetlands (Appendix G1) but this can be mitigated through off-site 
wetland construction.  Also the dewatering of the in-place sediments caused by lowered post-
dam removal reservoir water levels is anticipated to change geochemical conditions in the 
sediments from reducing to oxidizing causing a reduction in pH and an increase in metals 
solubility.  Finally, the lowered river stage resulting from removal of Milltown Dam could result 
in geomorphic instability and infrastructure impacts due to upstream head cutting that could not 
be fully mitigated by construction of drop structures (Appendix G3). 

Similar to Alternative 3B, disposal of sediments removed under this alternative would result in 
some additional environmental impacts/risks at the disposal facility location.  Appropriate site 
selection and design can minimize, but not eliminate, potential impacts to habitat and water 
quality at the disposal site.    

5.2.6.2 Compliance with ARARs 

Overall, Alternative 5 is predicted to have a moderate achievement of the Compliance with 
ARARs criteria.  A waiver of Montana Surface and Ground Water Quality Standards specified in 
WQB-7 would be required.  Compliance with the location- and action-specific ARAR 
requirements associated with wetlands, floodplain, historic sites, threatened and endangered 
species, and critical wildlife habitat management would be feasible, but would add to the costs 
and complexity of the project  (due to a substantial disturbance of the floodplain, wetlands and 
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loss of potential historic structures during removal of the dam and upstream sediments and 
channelization).  Because this alternative would require the active management of solid and/or 
toxic waste, within the floodplain, state location- and action-specific ARARs would not be met 
and a waiver would be required.   Additional discussion on Alternative 5’s compliance with 
contaminant-, location-, and action-specific requirements is provided in the following sections. 

Contaminant-Specific ARARs for Surface Water – the predicted ability of Alternative 5 to 
comply with State of Montana’s WQB-7 Surface Water Standards  was analyzed separately for 
typical flow and high flow/ice scour conditions.  Alternative 5 calls for sediment removal, 
channelization, a leachate collection and treatment system, channel drop structures, and removal 
of the dam.  Removal of sediments and isolation of the left in-place sediments would mitigate 
future COC loading from the lower portion of the Milltown Reservoir (Below Duck Bridge) to 
the BFR and CFR.  This essentially allows upstream flow from the CFR and the BFR to pass 
through the site without receiving additional metals loading. No beneficial reservoir sink effect 
on downstream concentrations (from net sedimentation of upstream load) would be provided as 
currently occurs during the majority of the time (i.e., during normal and low flow conditions 
when the reservoir is not drawn down).  Alternatively, the potential for net scour of sediments 
from the lower reservoir during high flow or ice scour conditions would be reduced under 
Alternative 5.  Appendices E2 and E3 compare predicted downstream water quality to WQB-7 
aquatic life standards after Alternative 5 implementation under high flow/ice scour and typical 
flow conditions, respectively . 

Under typical flow conditions significant water quality changes downstream of the reservoir 
would not be predicted after implementation of Alternative 5.  Generalized evaluations 
comparing flow-weighted concentration data collected at approximately the same time 
downstream of Milltown Dam (Appendix E3), predict that the frequency of exceedance (on a 
duration weighted basis) of WQB-7 standards below Milltown would increase slightly if these 
upstream waters were simply mixed (i.e., the reservoir acted as neither a sink nor a source) as is 
conceptualized would approximately be the case after implementation of this alternative.  
However, it is recognized that the Appendix E3 predictions are based on simple statistics using 
the available data set and the slight differences predicted in frequency of exceedances between 
this alternative and no action are likely to be within the range of uncertainty of the evaluation.  
Therefore, it is concluded that Alternative 5’s ability to comply with WQB-7 surface water 
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standards during typical flow conditions would be similar to current conditions and a surface 
water ARARs waiver would be required. 

Alternative 5 would mitigate the potential for scour of metals-enriched sediments in the lower 
reservoir during future ice scour and high flow events.  Following implementation of this 
alternative, downstream metals concentrations will largely be a function of flow-weighted 
influent water quality from upstream reaches of the CFR and BFR.  Calculations predict that this 
mixed influent water quality would result in lower total recoverable metals concentrations 
downstream of the reservoir during large ice scour events, such as occurred in 1996, than under 
current conditions (though not necessarily lower than alternatives that keep the dam in place but 
replace the flashboard assembly with an inflatable rubber dam thereby mitigating the potential 
need for rapid drawdown during ice jam events).  Downstream total recoverable metals 
concentrations under this alternative would likely be similar to current conditions during high 
flow events (at least up to the size of the high flow event  that occurred in 1997).  (See Appendix 
E2 for a comparison of flow-weighted concentration data for upstream stations with measured 
data collected from downstream). 

Contaminant-Specific ARARs for Groundwater – As detailed in Appendix E4, Alternative 5 is 
expected to significantly reduce but not eliminate arsenic loading from the reservoir sediments to 
the downgradient alluvial aquifer.  Using estimated loading reduction rates and assuming 
conservation of mass along the flow path, the Appendix E4 flow tube analysis predicted arsenic 
concentrations in the aquifer beneath Milltown would be reduced approximately 10-fold 
compared to current conditions.  If this level of reduction was achieved than maximum 
concentrations in the alluvial aquifer beneath Milltown would be expected to be decreased to less 
than 100 ug/l and the extent of the plume area would be expected to be reduced significantly, but 
not eliminated until the sediment arsenic source was depleted.  Source depletion may be 
expedited slightly by active pumping and channelization/dam removal (which results in 
dewatering of a significant proportion of the sediment thickness and which prevent deposition of 
additional arsenic-enriched sediments).  However, it could potentially still take hundreds of years 
before the existing source was depleted.  Therefore, a waiver of groundwater contaminant-
specific ARARs would be required, as standards would not be met for an extended period of 
time.  The extent of the exceedance area is likely to be considerably smaller than under 
Alternatives 1 or 2A. 
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Location-Specific ARARs – Location-specific ARARs that apply to the excavation of sediments, 
dam removal and channelization are the floodplain ARARs.  Sediment excavation, dam removal, 
and channelization would be designed and implemented to minimize adverse impacts to the 
floodplain.  The new channels would presumably increase flood passage capacity and reduce the 
potential for erosion.  The alternative contains actions which constitute the active management of 
solid and/or toxic waste within the floodplain, and therefore would not comply with related state 
location- and action-specific ARARs.  A waiver would be required.  Potentially affected 
protected resources under Alternative 5 include modification of the streambeds and banks, loss 
of potential historic structures and the permanent loss of approximately 127 acres of on-site 
wetlands due to dredging and dewatering/draining of sediments left in place (Appendix G1).  
Because opportunities for on-site mitigation of wetlands would be limited under this alternative, 
off-site mitigation would be necessary to address the “no net loss” of basin wetlands 
requirement.  Other protected resources that could potentially be affected by destruction of 
habitat and wetlands or by short-term water quality impacts from dredging/channelization, if 
present, are fish and wildlife, threatened or endangered species (i.e., bald eagles and bull trout), 
and migratory birds.  However, these effects could be mitigated and the water quality impacts 
would be largely limited to a 2-year construction period.   Because portions of the dam (e.g. the 
powerhouse) may qualify as historic structures, mitigation measures may be necessary to comply 
with ARARs associated with actions affecting resources eligible for the Register of Historic 
Places, historic sites, buildings or antiquities.   

Action-Specific ARARs – Similar to Alternative 3B, short-term degradation of surface water 
quality would likely require the use of BMPs to comply with state law allowing for surface water 
quality standards exceedances during remedial action dredging/construction activities.  A waiver 
for water treatment effluent associated with treated dredge water may be required.    
Additionally, applicable state and federal ARARs associated with installation and O&M of the 
leachate collection system (i.e., installation in the floodplain and Montana Pollutant Discharge 
Elimination System (MPDES) permit) would need to be met.  Please see Section 5.2.5.2 for a 
discussion on action-specific ARARs associated with dredging, disposal, and construction 
activities.  ICs would be developed to comply with all action-specific ARARs.   
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5.2.6.3 Long-term Effectiveness and Permanence 

Overall, Alternative 5 is predicted to have a low to moderate ability to provide long-term 
effectiveness and permanence. The magnitude of residual risks that may remain under 
Alternative 5 and the adequacy and reliability of controls are discussed below.  

Magnitude of Residual Risk - Because the dam will be removed, risks associated with 
catastrophic dam failure and release of the sediments would  be eliminated.    The magnitude of 
the other residual risks that may remain under Alternative 5 for the terrestrial ecosystem, human 
health and the surface water/aquatic system, are discussed below.  

Residual Risk to Vegetation and Terrestrial Ecosystem - The magnitude of residual risk to 
reservoir vegetation and terrestrial ecosystems under Alternative 5 is predicted to be high.  Along 
with a loss of reservoir wetlands and channel fringe habitat, dewatering the in-place sediments 
(due to a water level drop associated with dam removal and operation of the leachate collection 
system) may generate low pH conditions in the surficial sediments that could further degrade the 
terrestrial environment. 

Residual Human Health Risk from Exposure to Impacted Groundwater – This alternative reduces 
the risk of human exposure to impacted groundwater actively, through leachate 
collection/treatment and passively, through maintenance of the existing replacement water 
supply and other additional institutional measures designed to prevent future access to arsenic-
impacted groundwater.  As discussed in Section 5.2.6.2, alluvial aquifer arsenic concentrations 
would be reduced due to implementation of Alternative 5 but it is considered likely that some 
exceedances of drinking water standards would still occur in the alluvial aquifer beneath 
Milltown.  Therefore, similar to Alternative 2A, this alternative would likely still be dependent 
on use of existing or establishment of additional groundwater ICs to fully mitigate human health 
risks associated with ingestion of arsenic-impacted groundwater.  

Residual Risk to Surface Water/Aquatic System - As stated above, implementation of Alternative 
5 is predicted to mitigate further COC loading contribution to the CFR from the lower reservoir.  
This allows upstream flow from the CFR and the BFR to pass through the site without additional 
loading but at the same time removal of Milltown Dam minimizes the potential for the reservoir 
to operate as a sink for metals from upstream.  Therefore, the flow-weighted average dissolved 
metals and arsenic concentrations for the CFR at Turah and BFR near Bonner stations are 
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considered to be representative of predicted downstream concentrations under Alternative 5.  
These predicted dissolved concentrations can be compared to Federal AWQC aquatic life 
standards and rainbow trout TRVs for context.  Under Alternative 5, extrapolating from the 
available data set, dissolved copper concentrations at the CFR above Missoula station are 
predicted to exceed Federal AWQC chronic levels approximately 7% of the time (Appendix E3).  
Based on the flow-weighted average of upstream station concentration data, no other dissolved 
metals concentration is predicted to exceed Federal AWQC levels or rainbow trout TRVs 
downstream of the reservoir under this alternative.  Therefore, Alternative 5 would be expected 
to continue to meet trout TRVs risk based criteria for dissolved metals and be protective of the 
benthic community, but may exceed Federal AWQC dissolved metals criteria  a small percentage 
of the time.  A majority of the sediments would remain in place, only some of which (i.e., those 
located on the sides of the channelized section below Duck Bridge) would be isolated from the 
aquatic environment.  

Adequacy and Reliability of Controls – Similar to Alternative 1, controls used to manage 
removed sediments, left in place sediments and treatment residuals would include long-term 
monitoring and five-year site reviews.  Additionally, a leachate collection system would be 
anticipated to provide protection to the aquatic environment from sediment pore water loading 
impacts to the surface water.  Sediments removed would be disposed of in a repository and 
monitored.  This would be adequate to determine if the constructed systems are controlling the 
mobility of impacted pore water and sediments both in-place and in the repository.  Additional 
ICs, such as more stringent boating restrictions, prohibition of motor craft, or additional controls 
on reservoir drawdown/dam operations, would be predicted to provide reduced metals loading to 
the surface water, increased protection for sensitive or impacted areas and a reliable method for 
reducing potential risks, if any, from human or environmental exposure to sediments. 

5.2.6.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

Alternative 5 is predicted to provide a moderate achievement of the reduction of toxicity, 
mobility, or volume through treatment criterion.  A limited amount of sediment (associated with 
channelization) would be removed/disposed of in an off-site engineered repository but the 
removed sediment would not be treated or destroyed to reduce the toxicity or volume.  Since the 
sediments will not be treated, in-place or in the repository, there would be no change in the 
toxicity of the COCs.  An increase in the removed sediment volume is anticipated due to removal 
techniques (see Section 5.2.5.4).  Channelization, combined with the leachate collection system, 
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would reduce the mobility of impacted sediments left in place by reducing the potential for 
future erosion and scour and leachate loading.  However, the leachate collection system is 
required because geochemical changes resulting from dam removal may increase metals 
solubility and mobility in the left in place sediments.   

Treatment of water generated during sediment dewatering would reduce toxicity and mobility of 
approximately 3 to 5 million gallons of water per day.  Treatment of water generated during the 
long-term leachate collection would reduce the toxicity and mobility of approximately 0.5 to 5 
million gallons of water per day.  However, residual sludges from water treatment would remain 
after treatment requiring disposal in the off-site sediment disposal repository, or other off-site 
disposal facility. 

5.2.6.5 Short-term Effectiveness 

Alternative 5 is predicted to have a moderate  achievement of short-term effectiveness since 
there would be adverse impacts to the reservoir wetlands, terrestrial, and aquatic habitat that 
could not be fully mitigated on-site.  Alternative 5 would require extensive off-site wetlands 
mitigation.  The protection of community, workers and the environment during remedial actions 
and the time until protection is achieved are discussed below. 

Protection of Community, Workers and Environment During Remedial Actions – An increase in 
short-term risk to the community and workers, associated with construction activities including 
dredging, dewatering, and hauling sediments, channelization of the river, drop structures and 
dam removal would be expected with implementation of Alternative 5.  Excavation, dewatering 
and transportation activities would increase airborne dust and traffic accident risks.  Also, as 
noted under Alternative 3B, sediment disposal could generate impacts and risk off-site associated 
with habitat loss and the potential for surface or groundwater releases.  See Section 5.2.5.5 for 
additional discussion on short-term risks during dredging and construction.    

Implementation of Alternative 5 would result in short-term environmental impacts including the 
loss of approximately 127 acres of on-site wetlands (Appendix G1).  Off-site mitigation would 
be necessary to offset the loss of the on-site wetland habitat. Concerns regarding the success of 
re-establishing a functional wetland are discussed in Alternative 3B.   

Short-term surface water quality impacts (turbidity and total recoverable/dissolved metal 
increases) are expected during dredging, channelization and drop structure construction 
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operations.  Please see Section 5.2.5.5 for a complete discussion of the short-term surface water 
quality impacts.  Additional scouring and short-term turbidity increases are expected during dam 
removal. 

Short-term groundwater quality impacts may result from increased dissolved metals loading to 
the groundwater related to destabilization of the geochemical environment in the reservoir 
sediments.  Under Alternative 5, the sediment geochemical environment could be destabilized in 
the short term due to dredging activities exposing reduced sediments to oxidized surface water as 
well as the drop in left-in-place sediment water levels expected due to dam removal.  However, 
similar to Alternative 3B, these geochemical changes would be expected to have a greater effect 
on increasing copper solubility and mobility which is of less concern from a groundwater 
loading/human exposure standpoint.   A significant increase in arsenic loading to groundwater 
during dredging or the sediment draining period would be less likely.    Also for Alternative 5, 
short-term groundwater degradation during the immediate dredging/dam removal would be 
mitigated by: 

1. the sediment leachate collection system (assuming it was practicable to install and 
operate the collection in advance of dredging/dam removal); and 

2. the amount and type of sediments dredged.  Alternative 5 dredging is restricted to 
approximately 0.7 million cubic yards of sediments located in Sediment Accumulation 
Area I (i.e., the CFR and BFR lower reservoir channels).  Sediment cores and pore water 
samples suggest these sediments have, on average, lower metals and arsenic 
concentrations and are less reducing than sediments in Accumulation Area I. 

Geomorphic instability and infrastructure impacts from upstream headcutting may occur due to 
the lowered river stage resulting from dam removal (see Appendix G3 for USACE headcutting 
due to dam removal evaluation).  However, this alternative assumes construction of engineered 
drop structures on the CFR and BFR channels to mitigate this risk.  There is likely to be short-
term scour and headcutting on the CFR immediately upstream of Duck Bridge and on the BFR 
upstream of I-90 overpass where the channelized and deepened section ties into existing 
channels, until the drop structures are in place and/or if the drop structures become ineffective 
due to being bypassed or damaged.  The USACE estimated that, in the absence of drop 
structures, active erosion of deposited fine-grained materials should be expected.  This effect 
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could potentially extend upstream of Duck Bridge on the CFR to the vicinity of Bear Gulch and 
Crystal Creek and upstream on the BFR to Stimson Mill Dam. 

Removal of Milltown Dam, by reducing surface water levels, could potentially affect water 
levels in the nearby water supply wells.  Dam removal will lower surface water levels by up to 
30 feet immediately upstream of the current dam location.  This reduction in reservoir area 
surface water levels would be expected to reduce or even reverse the current recharge of water to 
the local alluvial aquifer.  In addition, active pumping from the leachate collection system would 
further reduce local recharge to the alluvial aquifer.  Any reduction in water levels in the alluvial 
aquifer would be predicted to be much less than the drop in surface water levels given: (1) the 
large water flux in the aquifer, most of which is recharged regionally from upgradient aquifer 
flow rather than locally from surface water or infiltration recharge; (2) the relatively limited 
hydraulic connection between the surface water and the alluvial aquifer currently (as 
demonstrated by the large difference in water levels in the alluvial aquifer and reservoir surface 
water); and (3) the relatively short distance affected by the change in water levels (i.e., about a 1-
mile long reach between the current dam location and the proposed drop structure at Duck 
Bridge).  However, there is anecdotal evidence of water level/availability impacts on shallow 
water supply wells in the MRSS vicinity during past reservoir construction-related drawdowns 
that were of lesser magnitude (i.e., 22 feet maximum drawdown) and of a temporary nature.  
Therefore, the potential exists for a dam-removal-induced drop in aquifer water levels to affect 
water availability at nearby shallow water supply wells. 

A detailed hydrogeologic modeling analysis of the potential effect of dam removal and leachate 
collection system pumping on local alluvial aquifer water levels was not completed.  However, a 
gross estimate can be made on the potential effect of dam removal alone by assuming that in the 
absence of the dam, water levels in the alluvial aquifer would decrease linearly in a 
downgradient fashion from current levels in the aquifer up and downstream of the affected reach.  
Assuming a post-dam removal linear drop in water levels between upgradient well DW-3 (May 
1992 water level of 3255.79 feet amsl, see Figure 1-6) and downgradient well HB (May 1992 
water level of 3218.63 feet amsl) would suggest alluvial aquifer water levels beneath Milltown 
could drop by approximately 7 feet (from approximately 3244 to 3237 feet amsl).  However, the 
portion of the alluvial aquifer likely to see the largest drop in water levels is located beneath and 
immediately downgradient of Milltown where water supply wells are no longer in use.  Removal 
of Milltown Dam would be expected to have negligible effect on alluvial aquifer levels 
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upgradient of the CFR drop structure at Duck Bridge, and a decreasing effect with distance 
downgradient of the former dam location.  

Time Until RAOs are Achieved – Dam and sediment removal, construction of the channel, 
leachate collection system, and drop structures for Alternative 5 are anticipated to take 
approximately four construction seasons.  However, several variables are predicted to affect the 
time after implementation until surface water RAOs are achieved for the WQB-7 aquatic life 
standards.  These variables potentially include metals loading from upstream sources, and 
discharge of treated leachate water.  In addition, on-site  protection of reservoir wetlands may not 
be possible under this alternative and off-site mitigation of wetlands may be necessary.  
Therefore, the time until surface water RAOs are achieved is anticipated to be similar to, or 
greater than, the No Further Action Alternative. 

Establishment of a CGA in combination with the existing replacement water supply and other 
existing ICs, meets the RAO of preventing human exposure to contaminated groundwater.  
Alternative 5 should reduce the extent of impacted groundwater in the alluvial aquifer, 
expediting the timeframe for achieving RAOs related to preventing further migration of impacted 
groundwater.  However, the RAO for meeting groundwater drinking water standards throughout 
the alluvial aquifer is not likely to be met until the arsenic in the left-in-place sediments is 
depleted.  It is likely that the permanent dewatering of a portion of the sediments combined with 
active leachate collection would decrease the time for depleting the sediment arsenic source.   
However, it could potentially still take hundreds of years until constituent concentrations 
decrease to below applicable standards throughout the alluvial aquifer. 

5.2.6.6 Implementability 

Alternative 5 would provide moderate achievement of implementability associated with dredging 
and dam removal activities.  Milltown Dam is owned and operated subject to license number 
2543.  Any modification of the dam structure, including removal, requires coordination with  
both the dam owner and FERC.  Refer to Section 5.2.5.6 and Appendix H1 for a discussion on 
implementability for dredging and disposal of sediments and channelization, including the ability 
to construct and operate the technology, reliability of the technology, monitoring effectiveness, 
ability to obtain approvals (for off-site activities) and/or coordinate with other agencies, and 
availability of necessary equipment, specialists, materials and off-site facilities.  As discussed 
Section 5.2.2.6 for Alternative 2A, groundwater ICs should be implementable.   
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Implementability for the leachate collection system and dam removal items that are specifically 
applicable to Alternative 5, are evaluated further below.   

Ability to Construct and Operate the Technology – Standard extraction and treatment practices 
would be used for sediment leachate.  The ability to site a permanent on-site treatment facility 
capable of processing 1 to 5 million gallons of water per day is made more difficult by the 
limited availability of suitable land outside of the floodplain that is proximal to the leachate 
extraction system and sediment dewatering areas.  Complete dam removal would involve 
construction of temporary cofferdams and partial removal and disposal of sediments behind the 
dam.  Technology is available to remove the dam and associated structures though the 
technologies have limitations in their abilities to control short-term construction impacts to the 
environment.  In addition, the USACE’s evaluation of the implementability of removing the dam 
identified some site-specific constraints, such as ability to by-pass flow around the dam during 
removal (Appendix H1). 

Reliability of Technology and Ability to Monitor Effectiveness - The leachate treatment facility 
may not be reliable in reducing concentrations of COC to allowable discharge limits using the 
best available technology (See Section 5.2.5.6).  In addition, the capture efficiency of the 
leachate extraction system is limited by the fine-grained nature of the sediments combined with 
the prolific nature of the alluvial aquifer and presence of two surface water bodies in hydraulic 
connection to the aquifer.  Monitoring of effectiveness of the leachate treatment could be 
accomplished.  Dam removal is a reliable, permanent technology that can be effectively 
monitored.  

Ability to Obtain Approvals/Coordination with Other Agencies – Construction and operation of 
the leachate extraction and treatment system would require consultation with appropriate 
agencies.  Interaction with the appropriate agencies would be necessary for surface water 
discharge of treated leachate.  Interaction with appropriate agencies for solid waste management 
would be required for disposal of treatment residuals.  Sediment transportation may require 
acquisition of right-of-ways for access roads and modifications or interruption of traffic on I-90.  
In addition to consultation/coordination, formal approvals from appropriate agencies would be 
required for siting and constructing an off-site disposal facility (i.e., a facility that is not located 
within or near an existing Clark Fork Basin Superfund Site).  Dam removal would require 
coordination with FERC and other agencies.  The ability to obtain approvals for dam removal 
may also be affected by potential public concerns regarding the effect of dam removal on water 
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levels/availability in existing water supply wells installed in the alluvial aquifer near the 
reservoir. 

Availability of Necessary Equipment Specialists and Off-Site Facilities – Standard equipment 
and standard practices would be used during dam removal and installation of the leachate 
collections system.  As with sediment disposal options (Section 5.2.5.6), the availability of 
private land and repository capacity for disposal of water treatment sludge is uncertain.  

5.2.6.7 Cost 

The projected costs for Alternative 5 are summarized in Table 5-3.  Capital costs for this 
alternative include construction costs associated with a dam removal, channelization, excavation, 
transportation and deposition of sediments, repository construction, water treatment and 
sediment dewatering, leachate interceptor trench, wetland mitigation, and any legal, engineering 
and administrative fees necessary for the implementation of the remedy and ICs.  O&M costs 
include leachate treatment, long-term monitoring, repository O&M, and administration of ICs.   

Assuming use of the slurry transportation to near reservoir wet disposal site option for sediment 
removal, the estimated total and PV costs for Alternative 5 are $425,043,546 and  $108,533,844, 
respectively.  The PV cost places this alternative in the low to moderate achievement of the cost 
criterion category.  It should be noted that this sediment transport/disposal option is the least 
costly of all options evaluated.  A complete evaluation of costs for other options is located in 
Appendix I1. 

5.2.7 Alternative 6A – Modifications of Dam and Operational Practices with Total 
Sediment Removal of the Lower Reservoir 

Alternative 6A involves the removal and disposal all of the metals-impacted sediments in the 
lower reservoir area (i.e., downstream of Duck Bridge).  Alternative 6A also includes provisions 
for fish passage, modifications to the dam outflow works and reservoir operational controls 
identified in Alternative 2A.  In addition, this alternative may include additional groundwater ICs 
to protect against human exposure to contaminated groundwater during the construction period 
and for a period of time afterward until the downgradient groundwater is restored. 

This alternative would be designed to remove the areas of thickest impacted sediments, 
containing the highest concentration of metals.  This removal area encompasses the area 
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identified as the source of the alluvial aquifer arsenic plume.  A detailed description of 
Alternative 6A is presented in Section 4.2.7. 

5.2.7.1 Overall Protection of Human Health and the Environment 

Alternative 6A is predicted to provide a moderate achievement of the overall protection of 
human health and the environment criterion.  This Alternative’s predicted performance specific 
to protection of human health and protection of the environment are discussed separately below. 

Protection of Human Health 

As discussed in Section 5.2.1.1 risk evaluations show that, with the exception of the potential for 
ingestion of arsenic-impacted groundwater, the human exposure pathways for MRSS COCs are 
not considered to be significant (Section 1.4.3).  Like Alternatives 1 and 2A, the  risk associated 
with human exposure to arsenic impacted groundwater is largely addressed under Alternative 6A 
because the replacement water supply serving the Milltown community combined with 
monitoring of plume extent and water quality in nearby domestic wells still in use currently 
prevents ingestion of impacted groundwater.  However, there may be a small increase in the risk 
of short-term exposure to arsenic impacted groundwater under this alternative if disturbance of 
the sediments during dredging results in a temporary expansion of the arsenic plume into 
currently unimpacted areas where groundwater is being used for domestic water supply 
purposes.  Groundwater monitoring would be expected to mitigate, but not completely eliminate, 
the potential for short-term human exposure to arsenic-impacted groundwater in the event of a 
temporary increase in plume extent during dredging. 

Alternative 6A addresses the long-term risk of future human exposure to impacted alluvial 
aquifer groundwater by removing the lower reservoir area sediments.  As detailed in Appendix 
A4, these sediments provide the majority of the arsenic load to the aquifer beneath Milltown and 
include the only defined area of sediment with pore water arsenic concentrations sufficiently 
high to cause exceedances of drinking water standards in the downgradient aquifer.  Based on a 
flow tube and aquifer flushing timeframe analysis presented in Appendix E4, removal of the 
lower reservoir sediments source combined with natural attenuation within the aquifer would be 
expected to have a reasonable likelihood of achieving current groundwater arsenic standards in 
the alluvial aquifer beneath and downgradient of Milltown within approximately 4 years after 
completion of the sediment removal.  Recreation of a human exposure risk to impacted 
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groundwater at Milltown would not be anticipated under this Alternative because it assumes 
periodic removals would be completed when a sufficient volume of sediments had re-
accumulated to potentially recreate a risk to surface or groundwater quality. 

Protection of the Environment 

As with Alternative 2A, this alternative should mitigate the need for emergency reservoir 
drawdowns, such as occurred during the 1996 ice scour event, that have been linked to increases 
in downstream metals loading (Appendix E2).  Site-specific dissolved metals criteria, such as the 
trout TRVs, would be expected to be met within and downstream of the reservoir after 
implementation of Alternative 6A.  Federal AWQCs would also be expected to be met, except 
for those cases where the upstream loading causes exceedances.  Implementation of this 
alternative would not eliminate the need for an ARARs waiver because exceedances of the State 
of Montana’s WQB-7 Surface Water Standards for recoverable metals are still predicted.  
However, these exceedances would likely be significantly reduced in frequency and magnitude 
by the enhanced sedimentation basin’s effect on reducing metals loading from upstream 
combined with removal of sediments from the lower reservoir which would prevent future scour 
(Appendix E3). 

Excavated sediments would not be treated to reduce their toxicity and volumes would increase 
due to excavation methods.  However a large volume of sediment would be removed from the 
reservoir and disposed of in an engineered off-site repository reducing the volume remaining in 
the floodplain and significantly reducing their potential mobility.  As discussed under Alternative 
3B, disposal of sediments removed under this alternative would result in additional 
environmental impacts/risks at the disposal facility location.  Appropriate site selection and 
design can minimize, but not eliminate, potential impacts to habitat and water quality.  

Significant short-term risks to the environment described for previous dredging alternatives 
would continue throughout an extended approximately seven-year construction time period 
(Appendix G2).  Loss of approximately 127 acres of on-site wetlands and terrestrial habitat 
would occur, most of which would require off-site mitigation (Appendix G1).  On-site 
replacement, or naturally reestablishment of lost wetlands/terrestrial habitat below Duck Bridge, 
would be precluded by the anticipated requirement for future periodic removals of re-
accumulated lower reservoir sediments. 
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5.2.7.2 Compliance with ARARs 

Overall Alternative 6A is predicted to provide a moderate to high achievement of the 
Compliance with ARARs criterion because: (1) the basin created by dredging would increase 
sedimentation and thereby reduce surface water ARAR exceedance frequency and magnitude, 
and (2) removal of the source sediments provides a reasonable likelihood of being able to 
ultimately meet groundwater ARARs in the alluvial aquifer beneath Milltown.  However, 
because surface water ARARs are not expected to be fully met this alternative would still require 
a waiver of surface water ARARS.  Alternative 6A would require use of BMPs to comply with 
state law allowing for surface water quality standards exceedances during remedial action 
dredging/construction activities.  Compliance with the location- and action-specific ARARs 
associated with wetlands, floodplain, threatened and endangered species, and critical wildlife 
habitat management would be feasible, but would add significantly to project costs (due to a 
substantial disturbance of the floodplain and wetlands during removal of the sediments).  
Additional discussion on Alternative 6A’s compliance with contaminant-, location-, and action-
specific requirements is provided in the following sections. 

Contaminant-Specific ARARs for Surface Water – The ability of Alternative 6A to achieve 
compliance with the State of Montana’s WQB-7 Surface Water Standards  was analyzed 
separately for typical flow and high flow/ice scour conditions.  Alternative 6A calls for total 
sediment removal of the lower reservoir area, generating a large sedimentation basin above the 
dam.  See Section 5.2.4.2 for a discussion on sedimentation effect on total recoverable metals 
and Appendices E2 and E3 for an analysis of TSS reduction and comparison to WQB-7 water 
quality standards  during high flow/ice scour and typical flow conditions respectively.   

As discussed in Appendix E3, under typical flow conditions, a reduction in metals loading to 
downstream surface water of up to 51% is predicted after implementation of Alternative 6A, due 
to the enhanced sedimentation basin effect).  However, calculations suggest that for the CFR 
above Missoula approximately 16% of samples analyzed for total recoverable copper would still 
exceed WQB-7 acute water quality standards and approximately 21% would still exceed chronic 
standards WQB-7 water quality standards.  Therefore, although a reduction in metals loading is 
predicted, exceedances of WQB-7 are predicted to continue under this alternative although at a 
lower rate and magnitude.  Compliance with Montana Surface Water Quality Standards would be 
increased but not fully attained and a waiver required if this alternative is selected.   
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Alternative 6A is expected to have a significant effect on reducing the potential for sediment 
scour and downstream metals loading during ice scour events by: 1) reducing the potential need 
to rapidly drawdown the reservoir; 2) reducing the potential for physical scour of reservoir 
sediments by the moving ice; and 3) increasing (by as much as 51% immediately after the initial 
or future periodic removals before the created basins begin to refill) the potential for 
sedimentation in the reservoir of incoming metals-elevated sediment.  Alternative 6A would also 
be expected to reduce total recoverable metals concentrations during high flow events (by as 
much as 51%) by increasing the amount of net deposition within the reservoir.  Therefore, 
Alternative 6A would be expected to meet trout TRV risk-based criteria for dissolved metals and 
Federal AWQC (except for those cases where the upstream loading still causes exceedances 
despite the enhanced sedimentation basin effect).  Alternative 6A is also expected to  decrease 
the frequency and magnitude of exceedances of WQB-7 total recoverable standards downstream 
of the dam during ice scour and high flow events.  The water quality impacts associated with 
sediment release from catastrophic dam failure would also be reduced by the initial and periodic 
maintenance removals of all sediments from the lower reservoir. 

Contaminant-Specific ARARs for Groundwater – Based on the results of a flow tube mass 
balance analysis presented in Appendix E4, Alternative 6A would be expected to ultimately 
achieve groundwater ARARs in the alluvial aquifer.  Using estimated loading reduction rates and 
assuming uniform mixing in the flow tube and conservation of mass along the flow path (i.e., no 
loss or increase in concentrations due to adsorption/desorption or precipitation/dissolution 
reactions), the Appendix E4 analysis predicted post-alternative arsenic concentrations in the 
aquifer beneath Milltown would ultimately be reduced to near background levels.  Some arsenic 
loading from non-removed sediments in the upper reservoir would continue under this 
alternative.  However, the flow tube analysis predicts that loading from these sediments would 
not be sufficient to result in exceedance of state groundwater standards in the aquifer. 

As discussed in Appendix E4, it is recognized that the analysis’s simplifying assumptions of 
conservation of mass and uniform mixing likely result in the analysis underestimating actual 
post-alternative-implementation arsenic concentrations.  However, it is considered unlikely that 
concentrations would be high enough to exceed the current 0.02 ug/l arsenic standard after an 
initial, approximately 4-year-duration aquifer flushing period.  The estimated flushing timeframe 
was developed based on the time required to pass approximately 20 pore volumes of clean flow 
through the impacted portions of the aquifer.  Twenty pore volumes is a gross estimate chosen to 
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reflect the amount of clean flow that could be required to fully displace the impacted aquifer pore 
water and flush out the initial desorption spike release of arsenic that may be currently adsorped 
to aquifer material.  As discussed in Section 1.3.4.3, sampling of aquifer material did not detect 
measurable amounts of dissolved arsenic.  However, a mass balance evaluation performed as 
part of the RI (see Appendix 6-C of AERL, 1995) suggested that arsenic was being actively 
adsorbed in the aquifer.  Assuming adsorped arsenic was present in the aquifer, it is possible that 
some of it could be released in response to the lower dissolved arsenic concentrations in the 
aquifer that would result from removal of the sediment source.  However, assuming the aquifer 
maintains oxidizing conditions, any additional release of aquifer arsenic would not be expected 
to result in exceedances of groundwater standards after the initial flushing period was complete. 

Based on the above, it is assumed that groundwater contaminant-specific ARARs would be 
achieved under this alternative within a short period of time of completion of sediment removal 
(which is estimated to take approximately 7 years under this alternative).  Therefore, 
groundwater ARARs would likely be met within approximately 11 years after start of 
implementation of Alternative 6A. 

Location-Specific ARARs – Floodplain ARARs are location-specific ARARs applicable to 
work, such as excavation of sediments, affecting the floodplain.  Sediment excavation would 
likely enhance rather than adversely affect the floodway’s ability to store and pass large floods 
without impacting upstream or downstream properties.  Potentially affected protected resources 
impacted under Alternative 6A include modification of the streambeds and banks, and the loss of 
approximately 127 acres of on-site wetlands by dredging activities.  On-site mitigation of 
wetlands to address the “no net loss” of basin wetlands ARAR would not be possible under this 
alternative beyond a small amount of wetland area (approximately 6 acres) that could be re-
created around the lower reservoir shallow margins.  Off-site mitigation for loss of wetlands that 
could not be restored on-site would be required.  Other protected resources that could potentially 
be negatively affected by destruction of on-site habitat and wetlands or by water quality impacts 
during dredging, if present, are fish and wildlife, threatened or endangered species (i.e., bald 
eagles or bull trout) and migratory birds.  Because of the longer time period needed to 
implement, the water quality impacts would occur over a longer period of time and the habitat 
impacts would be more difficult to mitigate than was the case for the limited removal 
alternatives.  There are no anticipated actions affecting any resources eligible for the Register of 
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Historic Places, historic sites, buildings or antiquities, and known Native American cultural and 
historic resources, or any Native American graves.  

Action-Specific ARARs – This alternative would require use of BMPs to comply with state law 
allowing for surface water quality standards exceedances during remedial action 
dredging/construction activities.   Please see Section 5.2.4.2 for a discussion on action-specific 
ARARs associated with dredging, disposal, water treatment and construction activities.  An 
additional action that could potentially exacerbate short-term metals loading to the CFR below 
the dam, is use of the radial gate to drawdown the reservoir in order to maximize passive 
dewatering of sediments prior to mechanical dredging (see Appendix D3-3 for discussion of use 
of radial gate for passive sediment dewatering).  Engineering controls would be developed to 
comply with all action-specific ARARs.   

5.2.7.3 Long-term Effectiveness and Permanence 

Overall, Alternative 6A is predicted to provide a moderate to high ability to provide long-term 
effectiveness and permanence.  The magnitude of residual risks that may remain under 
Alternative 6A and the adequacy and reliability of controls are discussed below.  

Magnitude of Residual Risk – The magnitude of potential residual risk that may remain under 
Alternative 6A is discussed in the following paragraphs.  

Residual Risk to Vegetation and Terrestrial Ecosystem - Residual risk to vegetation and 
terrestrial ecosystems under Alternative 6A is predicted related to replacement of existing 
terrestrial and shallow water/wetland habitats with deep water (due to sediment removal 
activities creating deep-water conditions that would not be conducive to wetland formation).  
Off-site mitigation for the loss of wetlands would be required. 

Residual Human Health Risk from Exposure to Impacted Groundwater – This alternative 
addresses the risk of human exposure to impacted groundwater by maintaining the existing 
replacement water supply and potentially enacting other additional institutional measures to 
prevent access to arsenic-impacted groundwater in the short term until source removal and 
natural attenuation cleans up the alluvial aquifer.  As discussed in Section 5.2.7.2, risk associated 
with this pathway is also addressed over the long-term given that flow tube modeling suggests 
that arsenic concentrations in the alluvial aquifer would be reduced to below drinking water 
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standards under this alternative.  Therefore, this alternative would effectively mitigate human 
health risks associated with ingestion of arsenic-impacted groundwater. 

 Because Milltown Dam would remain in-place additional sediments from upstream are expected 
to reaccumulate in the basin created by the initial removal under this alternative.  However, it is 
considered unlikely that the re-accumulating sediments would themselves become a source of 
arsenic to the alluvial aquifer sufficient to cause future exceedances of WQB-7 standards given: 
(1) the incoming sediments would be expected to have much lower total arsenic concentrations 
than the sediments currently identified as being the source of the arsenic plume; (2) the 
sediments would be unlikely to deposit to depths that would allow creation of the geochemical 
zones linked to high dissolved arsenic pore water concentrations and release rates; and (3) this 
Alternative assumes periodic removals would be completed when a sufficient volume of 
sediments had re-accumulated to potentially recreate a risk to surface or groundwater. 

A residual risk of human ingestion of groundwater could occur under this alternative should a 
change in alluvial aquifer flow or geochemical conditions result in a significant reduction in the 
aquifers ability to attenuate sources of arsenic that were not removed by the lower reservoir 
sediment removal (i.e., reservoir sediments upstream of Duck Bridge, arsenic adsorped on 
aquifer material, other background arsenic sources unrelated to the reservoir sediments).  
However, as noted previously a significant reduction in aquifer attenuation capabilities would 
require a drastic change in flow rates or switch to reducing conditions, both of which are 
improbable. 

Residual Risk to Surface Water/Aquatic System - Removal of sediments from the lower reservoir 
reduces the potential for physical scour of reservoir sediments, by moving ice or high flows.  
Incorporating modifications to the dam and dam operational practices to improve water level 
control would reduce the potential for water quality effects related to sediment entrainment from 
reservoir drawdown.  In addition, Alternative 6A would generate an enhanced sediment basin 
effect as a result of the sediment removal which would be expected to result in capturing a 
greater portion of influent metals loads and, as a result, reducing metals concentrations (by as 
much as 51% noted above) observed in the CFR below Milltown Dam (Appendix E2).  Similar 
to previous alternatives (except the No Action Alternative), Alternative 6A would be expected to 
continue to meet trout TRVs risk-based criteria for dissolved metals and be protective of the 
downstream benthic and fish communities.  Federal AWQCs would also be expected to be met, 
except for those cases where the upstream loading causes exceedances.  Impacted sediments 
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would remain in place upstream of Duck Bridge that are susceptible to scour but these sediments 
are lower in COCs than those targeted for removal.   Initially, as a result of the removal of 
impacted sediments, the potential for downstream metals loading during ice scour, high flow and 
reservoir drawdown events will be significantly reduced.  However, as the reservoir fills in with 
new sediments the sedimentation basin effect for Alternative 6A would steadily decrease and the 
newly deposited sediments (which although typically lower in metals concentrations than the 
removed sediments are still metals-elevated) could themselves be exposed to scouring.  The 
effect of this sediment re-accumulation on basin sedimentation effectiveness would be limited by 
the assumption that a periodic removal of sediments would be performed once sediment re-
accumulation reached a level that it could effect surface or groundwater quality (for the purpose 
of costing this alternative a periodic removal is assumed once half the volume of the sediments 
originally removed re-accumulates).   

Residual Human Health and Ecological Risks Associated with Dam Failure - The catastrophic 
release potential was low under the No Further Action Alternative, which requires compliance 
with FERC related dam safety requirements.  This risk would be further mitigated under 
Alternative 6A through  dam modifications designed to reduce risks associated with ice jams 
(described under Alternative 2A) combined with total removal of sediments from the lower 
reservoir area.  However, between periodic removals the reservoir will partially refill with 
sediments potentially re-creating a catastrophic release risk.   

Adequacy and Reliability of Controls – Similar to Alternative 1, controls used to manage 
removed or left in place sediments and treatment residuals would include  long-term monitoring 
and five-year site reviews.  Sediments removed would be disposed of in a repository and 
monitored.  This would be adequate to determine that engineered containment measures are 
controlling the mobility of impacted sediments both in-place and in the repository.  Additional 
ICs and engineering controls may provide reduced metals loading to the surface water, increased 
protection for sensitive or impacted areas and a reliable method for reducing potential risks from 
human exposure to sediments or groundwater.  Controls used to monitor and ensure the 
reliability of the inflatable rubber dam are presented in Section 5.2.2.3. 

5.2.7.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

Alternative 6A is predicted to provide a moderate to high achievement of the reduction of 
toxicity, mobility, or volume through treatment criterion.  A large volume of sediment would be 
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removed from the reservoir and disposed of in an engineered off-site repository reducing the 
volume remaining in the floodplain and significantly reducing their potential mobility.  Since the 
sediments would not be treated, in-place or in the repository, there would be no change in the 
toxicity of the COCs.  An increase in the removed sediment volume outside the floodplain is 
anticipated due to removal techniques (see Section 5.2.5.4).  Treatment of water generated 
during sediment dewatering would reduce toxicity and mobility of approximately 3 to 5 million 
gallons of water per day over approximately seven construction seasons.  However, residual 
sludges from water treatment would remain after treatment requiring disposal in the off-site 
sediment disposal repository, or other off-site disposal facility. 

5.2.7.5 Short-term Effectiveness 

Alternative 6A is predicted to have a low to moderate achievement of short-term effectiveness 
since there would be a potential for significant impacts on water quality and to the wetlands 
during the long period of dredging necessary for implementation of this remedy and the risks to 
workers and the community during the dredging and transportation of sediments.  The protection 
of community, workers and the environment during remedial actions and the time until 
protection is achieved are discussed below. 

Protection of Community, Workers and Environment During Remedial Actions – An increase in 
short-term risk to the community and workers, associated with construction of dam upgrades, 
dredging, dewatering, and hauling sediments would be expected with implementation of 
Alternative 6A.  The type of short-term risks to the community, workers and the environment are 
similar to, but would occur over a longer time period than Alternative 3B (Section 5.2.4.5) with a 
few exceptions discussed below.   

Assuming truck transport of sediments was selected, the risks of fatal or injury-causing accidents 
would increase with the volume of sediments transported.  Based on the 1% to 2% probability of 
a fatal accident to truck drivers associated with trucking 2.4 to 2.8 mcy  to BFI (see Appendix 
D3-2), a 2% to 4% probability of a truck driver fatality would be predicted for trucking 5.2 mcy  
under Alternative 6A (assuming truck transport to BFI). 

Implementation of Alternative 6A would result in short-term environmental impacts including 
the loss of approximately 127 acres of on-site wetlands (Appendix G1).  Once excavation is 
complete the excavated area would essentially be a lake, limiting the possibility for on-site 



Draft Combined Feasibility Study  182  
  

H:\Projects\MILLTOWN\Combined FS\Oct 31 Submittal\PDF\Electronic files\text\Milltown Combined FS Oct 31 Submittal.doc 

 

mitigation after remedy implementation to shallow areas on the reservoir margins.  A significant 
amount of off-site mitigation would be necessary to offset the loss of the wetland habitat.   
Because the dam would still be in place, sediments would re-accumulate over time which may 
eventually encourage some natural re-establishment of wetlands.  However, the periodic 
removals anticipated when sediments had reaccumulated to approximately one-half the volume 
removed initially would prevent permanent re-establishment of on-site wetlands in the lower 
reservoir removal area.   

Short-term surface water quality impacts (turbidity/total recoverable metals concentration 
increases as well as increases in dissolved metals concentrations due to changes in geochemical 
conditions) would be expected during construction, and dredging operations.  Please see Section 
5.2.5.5 for a general discussion of the short-term surface water quality impacts associated with 
dredging.  The general impacts identified in Section 5.2.5.5 would occur for a longer timeframe 
and would periodically be at more elevated levels under this alternative than would be expected 
under the limited removal Alternatives given the increase in the area and volume of sediments to 
be removed and the fact removal under this alternative includes the highest concentration 
Accumulation Area I sediments. 

There would be a significant potential for short-term groundwater quality degradation during 
implementation of Alternative 6A due to increased dissolved metals loading to the groundwater 
related to dredging-induced destabilization of the reservoir sediment geochemical environment.  
As noted previously, these geochemical changes would be expected to have a greater effect on 
increasing copper solubility and mobility which is of less concern from a groundwater 
loading/human exposure standpoint.   However, unlike the previous removal alternatives, 
Alternative 6A also includes dredging of the thickest, highest concentration sediments in 
Accumulation Area I.  Geochemical zonation and arsenic fate and transport processes are most 
complicated in this area, making predictions of the short-term effect on arsenic release rates of a 
dredging-induced change in geochemical conditions difficult.  Therefore, the potential for a 
significant increase in arsenic release rates to the underlying aquifer during dredging cannot be 
ruled out under this alternative.  Risks to human health of a short-term increase in arsenic release 
rates to the alluvial aquifer can be partially mitigated by the continued groundwater monitoring 
and allowance for establishment of a CGA provision of this alternative.  However, to be fully 
effective in preventing human exposure to arsenic-impacted groundwater during the dredging 
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period, a temporary CGA may need to be larger than the current plume plus small buffer CGA 
extent anticipated under Alternative 2A.     

There may be some additional short-term geomorphic stability impacts to the BFR and CFR 
channels and the upper reservoir sediments resulting from increased scour and headcutting 
immediately upstream of the lower reservoir excavated area.  However, because the dam would 
remain in place, river stage would not change mitigating the degree and extent of upstream 
headcutting. 

Time Until RAOs are Achieved – Implementation of the dam modifications is expected to take 
less than one construction season and would provide immediate protection against the potential 
risks associated with emergency reservoir drawdown during ice scour events.  Implementation of 
the sediment removal is expected to take approximately seven construction seasons.  However, 
COCs in the upper reservoir sediments would remain elevated and loading from upstream would 
continue.  Therefore, periodic exceedance of WQB-7 surface water standards within and 
downstream of the reservoir (that were not strictly associated with emergency reservoir 
drawdown) would be expected to continue for an extended period of time (see Section 5.2.1.5). 
In addition, the RAOs associated with loss of reservoir wetlands would not be achieved for an 
extended period of time until this wetland loss is mitigated off-site. 

Establishment of a CGA in combination with the existing replacement water supply and other 
existing ICs, achieves the RAO of preventing exposure to contaminated groundwater until the 
source removal component of Alternative 6A restores the aquifer.  The RAO for meeting 
groundwater drinking water standards throughout the alluvial aquifer would likely be met within 
4 years after completion of the sediment removal (i.e., within approximately 11 years after 
initiation of project implementation work). 

5.2.7.6 Implementability 

Alternative 6A would provide moderate achievement of implementability.  Similar sediment 
removal implementability issues as presented in Alternative 3B apply to Alternative 6A.  
However, due to the increase in sediment removal volumes, issues with implementability 
become greater particularly as relates to availability of an off-site disposal facility with sufficient 
capacity to accept all the removed sediments (Appendix D3-1).  See Section 5.2.5.6 and 
Appendix H1 for a discussion on implementability, including the ability to construct and operate 
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the technology, reliability of the technology, monitoring effectiveness, ability to coordinate with 
other agencies, and availability of necessary equipment, specialists, materials and off-site 
facilities.  As noted previously, in addition to coordination, approvals from other agencies would 
be required if sediment disposal requires siting and constructing a repository outside of existing 
Clark Fork Basin Superfund Sites. 

Modification of the dam and operation practices, establishment of additional ICs, and long-term 
monitoring are expected to be highly implementability as discussed for Alternative 2A in Section 
5.2.2.6.   

5.2.7.7 Cost 

The projected costs for Alternative 6A are summarized in Table 5-3.  Capital costs for this 
alternative include costs associated with a possible dam safety upgrade and fish passage plus 
dam structural maintenance (FERC Requirements), construction activities for dam modifications 
(i.e. inflatable rubber dam retrofit), excavation, transportation and deposition of sediments, 
repository construction, water treatment and sediment dewatering, wetland mitigation, and any 
legal, engineering and administrative fees necessary for the implementation of the remedy and 
ICs.  O&M costs include maintenance of dam modifications, long-term monitoring and 
repository O&M, and administration of ICs.  Periodic costs include the costs associated with 
future removals of sediments that reaccumulate in the lower reservoir basin. 

Assuming use of the slurry transportation to near reservoir wet disposal site option, the estimated 
total and PV costs for Alternative 6A are $455,213,643 and $131,543,162.  The PV cost places 
this alternative in the low to moderate achievement of the cost criterion category.  It should be 
noted that this sediment transport/disposal option is the least costly of all options evaluated.  A 
complete evaluation of costs for other options is located in Appendix I1. 

5.2.8 Alternative 6B – Modification of Dam and Operational Practices with Total 
Sediment Removal of the Entire Reservoir Area 

Alternative 6B involves the removal and disposal of sediments from the entire reservoir area as 
well as provisions for fish passage, modifications to the dam outflow works and reservoir 
operational controls identified in Alternative 2A.  This alternative would be designed to remove 
all of the impacted sediments within the reservoir project area including the lower concentration 
sediments located upstream of Duck Bridge.  In addition, this alternative may include additional 
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groundwater ICs to protect against human exposure to contaminated groundwater during the 
construction period and for a period of time afterward until the downgradient groundwater is 
restored.  A detailed description of Alternative 6B is presented in Section 4.2.8. 

5.2.8.1 Overall Protection of Human Health and the Environment 

Alternative 6B is predicted to provide a  moderate achievement of the overall protection of 
human health and the environment criterion.  This Alternative’s predicted performance specific 
to protection of human health and protection of the environment are discussed separately below. 

Protection of Human Health 

As discussed in Section 5.2.1.1 risk evaluations show that, with the exception of the potential for 
ingestion of arsenic-impacted groundwater, the human exposure pathways for MRSS COCs are 
not considered to be significant (Section 1.4.3).  Like Alternatives 1 and 2A, the risk associated 
with human exposure to arsenic impacted groundwater is largely addressed under Alternative 6B 
because the replacement water supply serving the Milltown community combined with 
monitoring of plume extent and water quality in nearby domestic wells still in use currently 
prevents ingestion of impacted groundwater.  However, there may be a small increase in the risk 
of short-term exposure to arsenic impacted groundwater under this alternative if disturbance of 
the sediments during dredging results in a temporary expansion of the arsenic plume into 
currently unimpacted areas where groundwater is being used for domestic water supply 
purposes.   

Alternative 6B addresses the long-term risk of future human exposure to impacted alluvial 
aquifer groundwater by removing the reservoir sediments.  Based on a flow tube and aquifer 
flushing timeframe analysis presented in Appendix E4, removal of the reservoir sediments 
combined with natural attenuation within the aquifer would be expected to have a reasonable 
likelihood of achieving current groundwater arsenic standards in the alluvial aquifer beneath and 
downgradient of Milltown within approximately 4 years after completion of the sediment 
removal.  This Alternative assumes periodic removals would be completed when a sufficient 
volume of sediments had re-accumulated that would, if not removed, potentially recreate a risk to 
surface or groundwater quality. 
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Protection of the Environment 

Site-specific dissolved metals criteria, such as the trout TRVs, would be expected to be met 
within and downstream of the reservoir after implementation of Alternative 6B.  Federal 
AWQCs would also be expected to be met, except for those cases where the upstream loading 
causes exceedances.   The reservoir sediments would be removed and the sedimentation basin 
created would capture a greater percentage of metals load coming from upstream.  However, 
implementation of this alternative would not eliminate the need for ARARs waiver because 
exceedances of the State of Montana’s WQB-7 Surface Water Standards for total recoverable 
metals are still predicted downstream of the reservoir due to continued loading from upstream 
(Appendices E2 and E3).  ARARs violations would, however, be less frequent under this 
alternative. 

Excavated sediments would be removed from MRSS but would not be treated to reduce their 
toxicity and volumes would increase due to excavation methods.  However a large volume of 
sediment would be removed from the reservoir and disposed of in an engineered off-site 
repository reducing the volume remaining in the floodplain and significantly reducing their 
potential mobility.   Environmental impacts/risks at the disposal facility location can be 
minimized, but not eliminated by appropriate site selection and design.  These impacts would be 
expected to be greater with the greater volume involved in the Alternative 6B removal.  
Significant short-term risks to the environment due to dredging and other activities would be 
present during an extended approximately twelve-year construction time period (Appendix G2).   
Impacts to approximately 489 acres of reservoir wetlands and terrestrial habitat would occur.  A 
portion of this impacted wetland area (predominantly in the shallower portions of the dredged 
area upstream of Duck Bridge) could be restored on-site at the completion of the removal (note: 
on-site replacement, or naturally reestablishment of lost wetlands below Duck Bridge, would be 
precluded by anticipated requirement for future periodic removals of re-accumulated lower 
reservoir sediments).  Potentially additional wetland area would be recreated in the upper 
reservoir area over time through natural reservoir sedimentation/revegetation processes.  
However, to meet the “no net loss of wetlands” goal, it is anticipated that the majority of the lost 
wetlands would require off-site mitigation (Appendix G1).   
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5.2.8.2 Compliance with ARARs 

Overall, Alternative 6B is predicted to provide a moderate to high achievement of Compliance 
with ARARs because the enhanced sedimentation effect of the dredged basin reduces the 
expected magnitude and frequency of surface water quality standard exceedances while removal 
of the sediment source provides a reasonable likelihood of being able to ultimately meet 
groundwater ARARs in the alluvial aquifer downgradient of Milltown.  However, because 
surface water ARARs are not expected to be fully met, this alternative would still require a 
waiver of surface water ARARS.  This alternative would require use of BMPs to comply with 
state law allowing for surface water quality standards exceedances during remedial action 
dredging/construction activities.  Complying with location-and action-specific ARARs 
associated with wetlands, floodplain, fish and wildlife, and critical wildlife habitat management 
would be feasible, but would add significantly to the costs  due to a substantial disturbance of the 
floodplain and wetlands during removal of the sediments.  Additional discussion on Alternative 
6B’s compliance with contaminant-, location-, and action-specific requirements is provided in 
the following sections. 

Contaminant-Specific ARARs for Surface Water - The ability of Alternative 6B to achieve 
compliance with the State of Montana’s WQB-7 Surface Water Standards was analyzed 
separately for typical flow and high flow/ice scour conditions.  Alternative 6B calls for total 
sediment removal of the entire reservoir area, creating a large sedimentation basin above the 
dam.  See Section 5.2.5.2 for a discussion on sedimentation effect on total recoverable metals 
and Appendices E2 and E3 for an analysis of TSS and metals reduction and comparison of 
predicted water quality to WQB-7 standards for Alternative 6B under high flow/ice scour and 
typical conditions, respectively.   

Metals loading to the surface water is predicted to be similar to Alternative 6A during typical 
flow and high flow/ice scour/reservoir drawdown conditions (see Section 5.2.7.2).  Like 
Alternative 6A, Alternative 6B would be expected to reduce total recoverable metals 
concentrations during typical flow and high flow events by increasing the amount of net 
deposition within the reservoir.  Therefore, Alternative 6B would be expected to decrease the 
frequency and magnitude of exceedances of WQB-7 total recoverable standards downstream of 
the dam during ice scour and high flow events but would not eliminate these periodic 
exceedances.  As with Alternative 6A, the area removed under Alternative 6B will fill in with 
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new sediments between periodic removals, temporarily decreasing the sedimentation basin 
effect.  

Contaminant-Specific ARARs for Groundwater – Based on the results of a flow tube mass 
balance analysis presented in Appendix E4, Alternative 6B would be expected to ultimately 
achieve groundwater ARARs in the alluvial aquifer.  Using estimated loading reduction rates and 
assuming uniform mixing in the flow tube and conservation of mass along the flow path (i.e., no 
loss or increase in concentrations due to adsorption/desorption or precipitation/dissolution 
reactions), the Appendix E4 analysis predicted that after the existing arsenic in the alluvial 
aquifer is effectively flushed out, post-alternative arsenic concentrations in the aquifer beneath 
Milltown would ultimately be reduced to near background levels.  As previously discussed, it is 
estimated that aquifer flushing could take approximately 4 years after completion of sediment 
removal activities (which are estimated to take approximately 11 to 12 years under this 
alternative).  Therefore, groundwater ARARs would be met in approximately 15 to 16 years after 
the start of remedy implementation.  

Location-Specific ARARs – Floodplain ARARs are location-specific ARARs applicable to 
work, such as excavation of sediments within the floodplain.  Sediment excavation would 
enhance the reservoir’s ability to store and pass large floods without impacting upstream or 
downstream properties.  However, if the near reservoir sediment disposal site option was 
selected there is the possibility that capacity constraints will force the disposal facility to 
encroach on the floodplain potentially impacting floodplain functions (Appendix D3-1).  
Potentially affected protected resources impacted under Alternative 6B include modification of 
the streambeds and banks, and the loss of approximately 489 acres of reservoir wetlands by 
dredging activities.  Approximately 187 of the lost wetland acres could potentially be restored 
on-site.  Off-site mitigation for loss of the remaining approximately 302 acres of wetlands would 
be required.  Other protected resources that could potentially be affected by destruction of on-site 
habitat and wetlands or by water quality impacts during dredging, if present, are fish and 
wildlife, threatened or endangered species (i.e., bald eagles or bull trout) and migratory birds.  
Because of the longer time period needed to implement, the water quality impacts would occur 
over a longer period of time and the habitat impacts would be more difficult to mitigate than was 
the case for the limited removal or the lower reservoir only removal alternatives.  There are no 
anticipated actions affecting any resources eligible for the Register of Historic Places, historic 
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sites, buildings or antiquities, and known Native American cultural and historic resources, or any 
Native American graves.  

Action-Specific ARARs – This alternative would require use of BMPs to comply with state law 
allowing for surface water quality standards exceedances during remedial action 
dredging/construction activities.   Please see Section 5.2.5.2 for a discussion on action-specific 
ARARs associated with dredging, disposal, water treatment and construction activities.  An 
additional action potentially exacerbating short-term metals loading to the CFR below the dam is 
use of the radial gate to drawdown the reservoir so as to maximize passive dewatering of 
sediments prior to mechanical dredging (see Appendix D3-3).  Engineering Controls would be 
developed to comply with all action-specific ARARs.   

5.2.8.3 Long-term Effectiveness and Permanence 

Overall, Alternative 6B is predicted to provide a moderate to high ability to provide long-term 
effectiveness and permanence.  The magnitude of residual risks that may remain under 
Alternative 6B and the adequacy and reliability of controls are discussed below.  

Magnitude of Residual Risk – The magnitude of potential residual risk that may remain under 
Alternative 6B is discussed in the following paragraphs. 

Residual Risk to Vegetation and Terrestrial Ecosystem - Residual risk to vegetation and 
terrestrial ecosystems under Alternative 6B is predicted related to replacement of existing 
terrestrial and shallow water/wetland habitats with deep water (due to sediment removal 
activities initially creating deep-water conditions that would not be conducive to wetland 
formation).  Off-site mitigation for the loss of wetlands would be required. 

Residual Human Health Risk from Exposure to Impacted Groundwater – This alternative 
addresses the risk of human exposure to impacted groundwater by maintaining the existing 
replacement water supply and potentially enacting other additional institutional measures to 
prevent access to arsenic-impacted groundwater in the short term until source removal and 
natural attenuation cleans up the alluvial aquifer.  As discussed in Section 5.2.8.2, risk associated 
with this pathway is also addressed over the long-term given that flow tube modeling suggests 
that arsenic concentrations in the alluvial aquifer would be reduced to below drinking water 
standards under this alternative.  Therefore, this alternative would effectively mitigate human 
health risks associated with ingestion of arsenic-impacted groundwater. 
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 Because Milltown Dam would remain in-place additional sediments from upstream are expected 
to reaccumulate in the basin created by the initial removal under this alternative.  However, for 
the reasons discussed under Alternative 6A, it is considered unlikely that the re-accumulating 
sediments (which would presumably be removed periodically from the lower reservoir but 
allowed to re-accumulate in the upper reservoir) would themselves become a source of arsenic to 
the alluvial aquifer sufficient to cause future exceedances of WQB-7 standards.  A residual risk 
of human ingestion of groundwater could occur under this alternative should a change in alluvial 
aquifer flow or geochemical conditions result in a significant reduction in the aquifers ability to 
attenuate sources of arsenic that were not removed by the reservoir sediment removal.  However, 
as discussed in 5.2.7.3, a significant reduction in the aquifers natural attenuation capacity is 
considered to be improbable. 

Residual Risk to Surface Water/Aquatic System - Removal of sediments from the entire reservoir 
reduces the potential for physical scour of reservoir sediments, by moving ice or high flows 
while incorporating modifications to the dam and dam operational practices to improve water 
level control and reduce the potential for water quality effects related to sediment entrainment 
from emergency reservoir drawdown during ice scour events.  In addition, Alternative 6B would 
also generate an enhanced sediment basin effect as a result of the sediment removal which would 
be expected to result in capturing a greater portion of influent metals loads and as a result, 
reducing metals concentrations (by as much as 51% noted above) observed in the CFR below 
Milltown Dam (Appendix E2).  Alternative 6B would be expected to continue to meet trout 
TRVs risk based criteria for dissolved metals and be protective of the downstream benthic and 
fish communities and Federal AWQCs would also be expected to be met, except for those cases 
where the upstream loading causes exceedances.  Initially, as a result of the removal of impacted 
sediments, there is a predicted change in the residual risk from sediments as a result of reducing 
the potential for downstream metals loading during ice scour, high flow and reservoir drawdown 
events.  However, as the reservoir fills in with new sediments the sedimentation basin effect for 
Alternative 6B would steadily decrease and the newly deposited sediments (which although 
typically lower in metals concentrations than the removed sediments are still metals-elevated) 
could themselves be exposed to scouring.  The effect of this sediment re-accumulation on basin 
sedimentation effectiveness would be limited by the assumption that a periodic removal of 
sediments from the lower reservoir would be performed once sediment re-accumulation reached 
a level that it could effect surface or groundwater quality (for the purpose of costing this 
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alternative a periodic removal is assumed once half the volume of the sediments originally 
removed from the lower reservoir re-accumulates).   

Residual Human Health and Ecological Risks Associated with Dam Failure - The catastrophic 
release potential was minimal under the No Further Action Alternative.  This  risk would be 
mitigated under Alternative 6B through  dam modifications designed to reduce risks associated 
with ice jams and the removal of sediments currently occupying the reservoir.   

Adequacy and Reliability of Controls – Similar to previous alternatives, controls used to manage 
removed sediments and treatment residuals would include long-term monitoring and five-year 
site reviews until RAOs and RAGs are achieved.  Sediments removed would be disposed of in a 
repository and monitored.    Additional ICs and engineering controls may provide reduced metals 
loading to the surface water, increased protection for sensitive or impacted areas and a reliable 
method for reducing potential risks from human exposure to sediments or groundwater.  Controls 
used to monitor and ensure the reliability of the inflatable rubber dam are presented in Section 
5.2.2.3. 

5.2.8.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

Alternative 6B is predicted to provide a moderate to high achievement of the reduction of 
toxicity, mobility, or volume through treatment criterion.  A large volume of sediment would be 
removed from the reservoir and disposed of in an engineered off-site repository reducing the 
volume remaining in the floodplain and significantly reducing their potential mobility.  An 
increase in the removed sediment volume outside the floodplain is anticipated due to removal 
techniques (see Section 5.2.5.4).   

Treatment of water generated during sediment dewatering would reduce toxicity and mobility of 
approximately 3 to 5 million gallons of water per day over twelve construction seasons. 
However, residual sludges from water treatment would remain after treatment requiring disposal 
in the off-site sediment disposal repository, or other off-site disposal facility. 

5.2.8.5 Short-term Effectiveness 

Alternative 6B is predicted to have a low achievement of short-term effectiveness since there 
would be a potential for significant impacts on water quality and to the wetlands during the long 
period of dredging necessary for implementation of this remedy and the risks to workers and the 
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community during the dredging and transportation of sediments.  The protection of community, 
workers and the environment during remedial actions and the time until protection is achieved 
are discussed below. 

Protection of Community, Workers and Environment During Remedial Actions – An increase in 
short-term risk to the community and workers, associated with construction of dam upgrades, 
dredging, dewatering, and hauling sediments would be expected with implementation of 
Alternative 6B.  The type of short-term risks to the community, workers and the environment are 
similar to, but would occur over a longer time period than Alternative 3B (Section 5.2.4.5) with a 
few exceptions discussed below.   

Accident risks associated with sediment transport would increase for Alternative 6B’s larger 
volume.  Extrapolating the accident risk evaluation completed for the original FS for the 8.9 mcy 
yard volume anticipated under Alternative 6B would predict a 4% to 8% probability of a truck 
driver fatality (assuming truck transport to BFI). 

Implementation of Alternative 6B would result in short-term environmental impacts to 
approximately 489 acres of wetlands (Appendix G1).  The additional sediments, located 
upstream of Duck Bridge, removed under Alternative 6B are, on average, thinner than the lower 
reservoir area sediments that are removed under Alternative 6B.  Therefore, the disturbance 
footprint per cy of sediment removed is greater under this alternative than under Alternative 6A.  
After dredging is complete, some areas would have water depths that would allow re-
establishment of wetlands resulting in the overall loss of approximately 302 acres of on-site 
wetlands that would need to be replaced off-site.  Periodic dredging of the upper reservoir area 
would not be conducted with this alternative, and the dam would still be in place, therefore, there 
would be some sediment reaccumulation over time that would encourage natural re-
establishment of upper reservoir wetlands.  However, the process of refilling and re-establishing 
wetlands in the upper reservoir would take a long time and could be destabilized by future 
periodic removals in the lower reservoir.    

Short-term surface water quality impacts (turbidity/total recoverable metals increases as well as 
increases in dissolved metals concentrations due to changes in geochemical conditions) would be 
expected during construction and dredging operations.  Please see Section 5.2.5.5 for a general 
discussion of the short-term surface water quality impacts.  The general impacts identified in 
Section 5.2.5.5 would occur for a longer timeframe and would periodically be at more elevated 
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levels under this alternative than would be expected under the limited removal Alternatives 
(given the increase in the area and volume of sediments to be removed and the fact removal 
under this alternative includes the highest concentration sediments found in Accumulation Area 
I). 

There would be a significant potential for short-term groundwater quality degradation during 
implementation of Alternative 6B due to increased dissolved metals loading to the groundwater 
related to dredging-induced destabilization of the reservoir sediment geochemical environment.  
As noted previously, these geochemical changes would be expected to have a greater effect on 
increasing copper solubility and mobility which is of less concern from a groundwater 
loading/human exposure standpoint.   However, as discussed for Alternative 6A in Section 
5.2.7.5, the potential for a significant increase in arsenic release rates to the underlying aquifer 
during dredging exists under this alternative.  Risks to human health of a short-term increase in 
arsenic release rates to the alluvial aquifer can be evaluated by the continued groundwater 
monitoring.  However, to be fully effective in preventing human exposure to arsenic-impacted 
groundwater during the dredging period, a temporary CGA may need to be larger than the 
current plume plus small buffer CGA extent anticipated under Alternative 2A. 

The there may be some additional short-term geomorphic stability impacts to the BFR and CFR 
channels and the upper reservoir sediments resulting from increased scour and headcutting 
immediately upstream of the excavated area.  However, similar to Alternatives 3B and 6A, this 
would be mitigated by the dam remaining in place thereby maintaining current river stage.  Also 
future periodic maintenance dredging of the lower reservoir area may geomorphically destabilize 
sediments that had reaccumulated in the upper reservoir potentially requiring mitigative 
measures (such as installing an engineered drop structure across the CFR at Duck Bridge) to 
prevent excessive erosion of upper reservoir sediments. 

Time Until RAOs are Achieved – Implementation of the dam modifications is expected to take 
less than one construction season and would provide immediate protection against the potential 
risks associated with emergency reservoir drawdown during ice scour events.  Implementation of 
the sediment removal is expected to take approximately twelve construction seasons.  However, 
loading from upstream would continue.  Therefore, periodic exceedance of WQB-7 standards 
within and downstream of the reservoir would be expected to continue for an extended period of 
time (see Section 5.2.1.5). In addition, the RAOs associated with loss of reservoir wetlands 
would not be achieved for an extended period of time until this wetland loss is mitigated off-site. 
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Establishment of a CGA in combination with the existing replacement water supply and other 
existing ICs, would achieve the RAO of preventing exposure to contaminated groundwater until 
the source removal component of Alternative 6B restores the aquifer.  The RAO for meeting 
groundwater drinking water standards throughout the alluvial aquifer would likely be met within 
approximately 4 years after completion of the sediment removal (i.e., within approximately 15 to 
16 years after initiation of project implementation work). 

5.2.8.6 Implementability 

Alternative 6B would provide moderate achievement of implementability.  Similar 
implementability issues as presented in Alternative 3B apply to Alternative 6B.  However, due to 
the increase in sediment removal volumes, issues with implementability become greater 
particularly as it relates to off-site disposal facility capacity.  See Section 5.2.5.6 for a discussion 
on implementability, including the ability to construct and operate the technology, reliability of 
the technology, monitoring effectiveness, coordination with other agencies, and necessary 
equipment specialists and off-site facilities.  In addition to consultation/coordination, formal 
approvals from appropriate agencies would be required for siting and constructing an off-site 
disposal facility (i.e., a facility that is not located within or near an existing Clark Fork Basin 
Superfund Site). 

Modification of the dam and operation practices, establishment of additional ICs, and long-term 
monitoring are expected to be highly implementability as discussed for Alternative 2A in Section 
5.2.2.6.   

5.2.8.7 Cost 

The projected costs for Alternative 6B are summarized in Table 5-3.  Capital costs for this 
alternative include costs associated with a possible dam safety upgrade and fish passage plus 
dam structural maintenance (FERC Requirements), construction activities for dam modifications 
(i.e. inflatable rubber dam retrofit), excavation, transportation and deposition of sediments, 
repository construction, water treatment and sediment dewatering, wetland mitigation, and any 
legal, engineering and administrative fees necessary for the implementation of the remedy and 
ICs.  O&M costs include maintenance of dam modifications, long-term monitoring and 
repository O&M, and administration of ICs.  Periodic costs include the costs associated with 
future removals of sediments that reaccumulate in the lower reservoir basin. 
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Assuming use of the slurry transportation to near reservoir wet disposal site option, the estimated 
total and PV costs for Alternative 6A are $634,893,803 and $203,127,966, respectively.  The PV 
cost places this alternative in the low achievement of the cost criterion category. It should be 
noted that this sediment transport/disposal option is the least costly of all options evaluated.  As 
discussed for Alternative 3B in Section 5.2.5.7, the estimated cost for the least expensive 
sediment transport and disposal option was used in assigning relative achievement  A complete 
evaluation of costs for other options is located in Appendix I1.   

5.2.9 Alternative 7A – Dam Removal and Total Sediment Removal of the Lower 
Reservoir Area 

Alternative 7A is similar to Alternative 6A except that it includes removal of Milltown Dam.  In 
addition, partial backfill would be needed to reconstruct river channels and floodplains for lateral 
stability and provide adequate substrate for establishment of vegetation.  A detailed description 
of Alternative 7A is presented in Section 4.2.9. 

5.2.9.1 Overall Protection of Human Health and the Environment 

Alternative 7A is predicted to provide a moderate to high achievement of the overall protection 
of human health and the environment criterion.  This Alternative’s predicted performance 
specific to protection of human health and protection of the environment are discussed separately 
below. 

Protection of Human Health 

As discussed in Section 5.2.1.1 risk evaluations show that, with the exception of the potential for 
ingestion of arsenic-impacted groundwater, the human exposure pathways for MRSS COCs are 
not considered to be significant (Section 1.4.3).  Like Alternatives 1 and 2A, the risk associated 
with human exposure to arsenic impacted groundwater is largely addressed under Alternative 7A 
because the replacement water supply serving the Milltown community combined with 
monitoring of plume extent and water quality in nearby domestic wells still in use currently 
prevents ingestion of impacted groundwater.  However, there may be a small increase in the risk 
of short-term exposure to arsenic impacted groundwater under this alternative if disturbance of 
the sediments during dredging results in a temporary expansion of the arsenic plume into 
currently unimpacted areas where groundwater is being used for domestic water supply 
purposes.   
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Alternative 7A addresses the long-term risk of future human exposure to impacted alluvial 
aquifer groundwater by removing the lower reservoir area sediments.  As detailed in Appendix 
A4, these sediments provide the majority of the arsenic load to the aquifer beneath Milltown and 
include the only defined area of sediment with pore water arsenic concentrations sufficiently 
high to cause exceedances of drinking water standards in the downgradient aquifer.  Based on a 
flow tube and aquifer flushing timeframe analysis presented in Appendix E4, removal of the 
lower reservoir sediments source combined with natural attenuation within the aquifer would be 
expected to have a reasonable likelihood of achieving current groundwater arsenic standards in 
the alluvial aquifer beneath and downgradient of Milltown within approximately 16 years after 
initiation of the sediment removal.  Recreation of a human exposure risk to impacted 
groundwater at Milltown would not be anticipated under this Alternative because it includes 
removal of Milltown Dam and partial floodplain backfill which should minimize sediment re-
accumulation in the future. 

Protection of the Environment 

Site-specific risk-based dissolved metals criteria such as the trout TRVs would be expected to be 
met within and downstream of the reservoir except for those cases when upstream loading causes 
exceedances after implementation of Alternative 7A.  This alternative would also be expected to 
meet Federal AWQC (except for those cases where the upstream loading causes exceedances).  
Implementation of this alternative would not eliminate the need for ARARs waiver because 
exceedances of the State of Montana’s WQB-7 Surface Water Standards for total metals are still 
predicted.  Alternative 7A, which includes both dam and sediment removal, is considered more 
permanent in its ability to be protective than alternatives that do not include both dam and 
sediment removal.  After implementation of Alternative 7A, no existing sediments would remain 
in the lower reservoir and future re-accumulation of sediments from upstream would be 
minimized by dam removal and floodplain backfill.  Therefore, the potential for future scouring 
of metals impacted sediments would be significantly reduced. 

A large volume of sediment would be removed from the reservoir and disposed of in an 
engineered off-site repository reducing the volume remaining in the floodplain and significantly 
reducing their potential mobility.  Excavated sediments would not be treated to reduce their 
toxicity and off-site disposal volumes would increase due to excavation methods.  Environmental 
impacts/risks at the disposal facility location can be minimized, but not eliminated by appropriate 
site selection and design.  Significant short-term risks to the environment would be present 
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during a seven or more-year construction time period.  Implementation of Alternative 7A, as 
with all the alternatives that include sediment dredging, may result in negative water quality 
impacts (turbidity/total recoverable metals concentration increases as well as increases in 
dissolved metals due to changes in geochemical conditions) during the approximately 7-year 
construction period that would not be mitigated by standard turbidity control techniques 
(Appendix G2).  BMPs would be employed to mitigate the potential severity of the water quality 
impacts but exceedances of dissolved copper trout TRVs and Federal AWQC could occur during 
the implementation of this alternative.  Impacts to approximately 127 acres of on-site wetlands 
and terrestrial habitat would occur, though much of the impacted acreage could be replaced on-
site after the dam and sediment removal is complete (Appendix G1).  The remainder of the 
wetland loss, could be mitigated off-site.  

5.2.9.2 Compliance with ARARs 

Overall, Alternative 7A is predicted to provide a moderate achievement of Compliance with 
ARARs.  This alternative would require a waiver of Montana Surface Water Quality Standards 
specified in WQB-7, and may not comply with all location- and action-specific ARARs.  
Additional discussion on Alternative 7A’s compliance with contaminant-, location-, and action-
specific requirements is provided in the following sections. 

Contaminant-Specific ARARs for Surface Water – The ability of Alternative 7A to achieve 
compliance with the State of Montana’s WQB-7 Surface Water Standards was analyzed 
separately for typical flow and high flow/ice scour conditions.  Because implementation of 
Alternative 7A includes the removal of sediments from the lower reservoir area and removal of 
the dam to prevent re-accumulation, it effectively reduces contributions of COCs to the CFR 
from the reservoir area with the highest concentration sediments.  However, loading from 
upstream would continue.  Therefore, the number of exceedances of WQB-7 Standards is 
anticipated to be similar to the number currently seen under conditions when the reservoir is not 
drawn down.  (See Section 5.2.6.2). 

Contaminant-Specific ARARs for Groundwater – Based on the results of a flow tube mass 
balance analysis presented in Appendix E4, Alternative 7A would be expected to ultimately 
achieve groundwater ARARs in the alluvial aquifer.  Using estimated loading reduction rates and 
assuming uniform mixing in the flow tube and conservation of mass along the flow path (i.e., no 
loss or increase in concentrations due to adsorption/desorption or precipitation/dissolution 
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reactions), the Appendix E4 analysis predicted that after the existing arsenic in the alluvial 
aquifer is effectively flushed out, post-alternative arsenic concentrations in the aquifer beneath 
Milltown would ultimately be reduced to near background levels.  As previously discussed, it is 
estimated that it could take approximately 11 years after initiation of sediment removal activities 
before groundwater ARARs are met throughout the alluvial aquifer.  

Location-Specific ARARs – Location-specific ARARs that apply to the excavation of sediments, 
floodplain backfill, channel reconstruction and dam removal are the floodplain ARARs.  It is 
assumed that sediment excavation, floodplain reconstruction, and dam removal could be 
designed and implemented to ultimately comply with floodplain ARARs.   Protected resources 
impacted under Alternative 7A include modification of the streambeds and banks, loss of 
potential historic structures and the loss of approximately 127 acres of reservoir wetlands by 
dredging activities.  However, these impacts can be mitigated to achieve ARAR compliance.  
Other protected resources that could potentially be affected by destruction of habitat and 
wetlands or short-term water quality impacts during construction, if present, are fish and wildlife, 
threatened or endangered species (i.e., bald eagles or bull trout) and migratory birds.  It is 
assumed that Alternative 7A could be designed and implemented to comply over the long-term 
with the requirements of ARARs that apply to streambeds and stream banks, fish and wildlife 
and potentially for threatened or endangered species, or migratory birds.  However, short-term 
impacts to protected resources including the loss of amphibians, birds and mammals displaced by 
habitat loss may be significant and additional mitigation measures may be necessary.  As 
discussed under Alternative 5 (Section 5.2.6.2) removal of the dam may necessitate mitigation 
measures to comply with ARARs related to historic sites and buildings.   There are no 
anticipated actions affecting any known Native American cultural and historic resources, or any 
Native American graves. 

Action-Specific ARARs – Similar to the other dredging alternatives, implementation of 
Alternative 7A would require use of BMPs to comply with state law allowing for surface water 
quality standards exceedances during remedial action dredging/construction activities which, 
because of the larger removal volumes and the need to also subsequently dismantle the dam, 
would likely extend over a longer period of time than Alternatives 3B through 6A.  Water 
treatment effluent associated with treated dredge water may require a waiver of discharge 
standards.  Please see Sections 5.2.5.2 and 5.2.6.2 for a discussion on compliance with other 
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action-specific ARARs associated with dredging, disposal, dam removal, and construction 
activities.   

5.2.9.3 Long-term Effectiveness and Permanence 

Overall, Alternative 7A is predicted to provide a high ability to provide long-term effectiveness 
and permanence.   Alternative 7A, which includes both dam and sediment removal, is considered 
more permanent in its ability to be protective than alternatives that do not include both dam and 
sediment removal.  After implementation of Alternative 7A, no existing sediments would remain 
in the lower reservoir and the potential for reaccumulation of sediments transported in the future 
would be minimized.  Therefore, sediment availability for future potential scouring or to recreate 
a groundwater arsenic loading source would be greatly reduced.  The magnitude of residual risks 
that may remain under Alternative 7A and the adequacy and reliability of controls are discussed 
below.  

Magnitude of Residual Risk – The magnitude of potential residual risk that may remain under 
Alternative 7A is discussed in the following paragraphs.  

Residual Risk to Vegetation and Terrestrial Ecosystem - Residual risks to the terrestrial habitat 
would be largely related to the time required for restoring a vegetated floodplain along with the 
likelihood that the water table in the reconstructed floodplain would be deeper than under current 
reservoir conditions, potentially reducing the functional value and/or acreage of floodplain 
wetlands. 

Residual Human Health Risk from Exposure to Impacted Groundwater – This alternative 
addresses the risk of human exposure to impacted groundwater by maintaining the existing 
replacement water supply and enacting other additional institutional measures to prevent access 
to arsenic-impacted groundwater in the short term until source removal and natural attenuation 
cleans up the alluvial aquifer.  As discussed in Section 5.2.9.2, risk associated with this pathway 
is also addressed over the long-term given that flow tube modeling suggests that arsenic 
concentrations in the alluvial aquifer would be reduced to below drinking water standards under 
this alternative.  Therefore, this alternative would effectively mitigate human health risks 
associated with ingestion of arsenic-impacted groundwater. 

A residual risk of human ingestion of groundwater could occur under this alternative should a 
change in alluvial aquifer flow or geochemical conditions result in a significant reduction in the 



Draft Combined Feasibility Study  200  
  

H:\Projects\MILLTOWN\Combined FS\Oct 31 Submittal\PDF\Electronic files\text\Milltown Combined FS Oct 31 Submittal.doc 

 

aquifers ability to attenuate sources of arsenic that were not removed by the lower reservoir 
sediment removal (i.e., reservoir sediments upstream of Duck Bridge, arsenic adsorped on 
aquifer material, other background arsenic sources unrelated to the reservoir sediments).  
However, as noted previously a significant reduction in aquifer attenuation capabilities would 
require a drastic change in flow rates or switch to reducing conditions, both of which are 
improbable. 

Residual Risk to Surface Water/Aquatic System - The magnitude of residual risks to the surface 
water/aquatic system that would remain under Alternative 7A is predicted to be similar to 
Alternative 5, see Section 5.2.6.3.  Because downstream metals concentrations are predicted to 
be largely a function of influent water quality from upstream reaches of the CFR and BFR, 
average dissolved metals concentrations downstream of the reservoir are expected to be similar 
to the concentrations presently seen during conditions when the reservoir is not drawn down.  
Although these concentrations are expected to remain below site-specific risk based criteria, such 
as the trout TRVs, they may periodically exceed Federal AWQC for dissolved copper because of 
upstream sources.  Impacted sediments would remain in place in the upper reservoir but are 
lower in COCs than those targeted for removal. Removal of sediments in the lower reservoir 
would reduce the potential for entrainment of metals enriched sediments in surface water from 
Milltown Reservoir due to sediment scour from ice, high flow and reservoir drawdown events.  
However, because of loading from upstream, downstream water quality would still periodically 
exceed WQB-7 Standards for total recoverable metals.  

Residual Human Health and Ecological Risks Associated with Dam Failure - Although 
catastrophic dam failure is considered a low risk, this alternative would eliminate the risk. 

Adequacy and Reliability of Controls – Similar to previous alternatives, controls used to manage 
removed or left in place sediments or treatment residuals would include  long-term monitoring 
and five-year site reviews.  Sediments removed would be disposed of in a repository and 
monitored.  This would be adequate to determine if the constructed systems are controlling the 
mobility of sediments in the repository.  This Alternative would require establishment of 
groundwater ICs, such as a temporary CGA, to prevent access to contaminated groundwater until 
the aquifer is restored.  CGA’s have been shown to be a reliable control at other sites. 
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5.2.9.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

Alternative 7A is predicted to provide a moderate to high achievement of the reduction in the 
toxicity, mobility, or volume of impacted sediments within the reservoir similar to Alternative 
6A (see Section 5.2.7.4).   

5.2.9.5 Short-term Effectiveness 

Alternative 7A is predicted to have a low to moderate achievement of short-term effectiveness 
since there would be impacts to the reservoir wetlands, terrestrial, and aquatic habitat and 
significant short-term water quality impacts during construction.  The protection of community, 
workers and the environment during remedial actions and the time until protection is achieved 
are discussed below. 

Protection of Community, Workers and Environment During Remedial Actions – An increase in 
short-term risk to the community and workers, associated with removal of the dam, construction 
activities, dredging, dewatering, and hauling sediments would be expected with implementation 
of Alternative 7A.  The type of short-term risks to the community, workers and the environment 
are similar to, but occur over a longer time period than, Alternative 3B and Alternative 5.  These 
effects are discussed in Sections 5.2.5.5 (discusses issues related to sediment removal including 
contaminant release to surface water and potential contaminant release to groundwater during 
dredging, terrestrial and aquatic habitat impacts of construction activities, etc) and 5.2.6.5 
(discusses dam removal’s effect on water levels in the alluvial aquifer, on geomorphic stability 
of the BFR and CFR channels etc.), respectively, with a few exceptions discussed below.  
Accident risks associated with truck transport of sediments would be similar to those described 
for Alternative 6A (Section 5.2.7.5). 

Implementation of Alternative 7A would result in the loss of approximately 127 acres of 
wetlands (Appendix G1).  After dredging is complete, the dam removed, and the floodplain 
reconstructed, much of this area could be re-established as on-site wetlands.  However, any net 
loss of wetlands can be mitigated through off-site construction of wetlands. 

Time Until RAOs are Achieved – Implementation of the sediment removal is expected to take at 
least seven construction seasons. Elevated levels of metals from upstream will continue, 
therefore, periodic exceedance of WQB-7 standards within and downstream of the reservoir (that 
were not strictly associated with emergency reservoir drawdown) would be expected to continue 



Draft Combined Feasibility Study  202  
  

H:\Projects\MILLTOWN\Combined FS\Oct 31 Submittal\PDF\Electronic files\text\Milltown Combined FS Oct 31 Submittal.doc 

 

(see Section 5.2.1.5).  In addition, the RAOs associated with loss of reservoir wetlands would not 
be achieved for an extended period of time (on the order of 17 years after initiation of 
construction to re-establish shrub-type wetlands on-site). 

Establishment of a CGA in combination with the existing replacement water supply and other 
existing ICs, would provide achievement of the RAO of preventing exposure to contaminated 
groundwater until the source removal component of Alternative 7A restores the aquifer.  The 
RAO for meeting groundwater drinking water standards throughout the alluvial aquifer would 
likely be met within approximately 11 years after initiation of the sediment removal. 

5.2.9.6 Implementability 

Alternative 7A would provide moderate achievement of implementability.  Similar 
implementability issues for dredging and dam removal as presented in Alternative 3B and 
Alternative 5 respectively apply to Alternative 7A.  However, due to the increase in sediment 
removal volumes, issues with implementability also become greater.  See Sections 5.2.5.6 and 
5.2.6.6 and Appendix H1 for a discussion on implementability, including the ability to construct 
and operate the technology, reliability of the technology, monitoring effectiveness, ability to 
obtain approvals (for off-site activities) and/or coordinate with other agencies, and availability of 
necessary equipment, specialists, materials and off-site facilities. 

5.2.9.7 Cost 

The projected costs for Alternative 7A are summarized in Table 5-3.  Capital costs for this 
alternative include construction costs associated with dam removal, channel/stream bank 
reconstruction, drop structures, excavation, transportation and deposition of sediments, 
repository construction, water treatment and sediment dewatering, soil backfill, floodplain 
revegetation, wetland mitigation, and any legal, engineering and administrative fees necessary 
for the implementation of the remedy.  O&M costs include long-term monitoring and repository 
O&M.   

Assuming use of the slurry transportation to near reservoir wet disposal site option for sediment 
removal, the estimated total and PV costs for Alternative 7A are $193,481,287 and  
$122,048,569, respectively for volume scenario 1 (removal of all lower reservoir sediments) and 
$167,838,112 and  $93,179,439, respectively for volume scenario 2 (removal of Accumulation 
Area I and III sediments only).  The PV cost for volume scenario 1 places this alternative in the 
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low to moderate achievement of the cost criteria category.  It should be noted that the sediment 
transport/disposal option used to develop these costs is the least costly of all options evaluated.  
A complete evaluation of costs for other the sediment transport/disposal options is located in 
Appendix I1. 

5.2.10 Alternative 7B – Dam Removal and Total Sediment Removal of the Entire 
Reservoir Area 

Alternative 7B is similar to Alternative 6B except that it includes removal of Milltown Dam.  In 
addition, partial backfill would be needed to reconstruct river channels and floodplains for lateral 
stability and to provide adequate substrate for establishment of vegetation.  A detailed 
description of Alternative 7B is presented in Section 4.2.10. 

5.2.10.1 Overall Protection of Human Health and the Environment 

Alternative 7B is predicted to provide a moderate to high achievement of the overall protection 
of human health and the environment criterion.  This Alternative’s predicted performance 
specific to protection of human health and protection of the environment are discussed separately 
below. 

Protection of Human Health 

As discussed in Section 5.2.1.1 risk evaluations show that, with the exception of the potential for 
ingestion of arsenic-impacted groundwater, the human exposure pathways for MRSS COCs are 
not considered to be significant (Section 1.4.3).  Like Alternatives 1 and 2A, the risk associated 
with human exposure to arsenic impacted groundwater is largely addressed under Alternative 7B 
because the replacement water supply serving the Milltown community combined with 
monitoring of plume extent and water quality in nearby domestic wells still in use currently 
prevents ingestion of impacted groundwater.  However, there may be a small increase in the risk 
of short-term exposure to arsenic impacted groundwater under this alternative if disturbance of 
the sediments during dredging results in a temporary expansion of the arsenic plume into 
currently unimpacted areas where groundwater is being used for domestic water supply 
purposes.   

Alternative 7B addresses the long-term risk of future human exposure to impacted alluvial 
aquifer groundwater by removing all reservoir sediments.  Based on a flow tube and aquifer 
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flushing timeframe analysis presented in Appendix E4, removal of the reservoir sediments 
combined with natural attenuation within the aquifer would be expected to have a reasonable 
likelihood of achieving current groundwater arsenic standards in the alluvial aquifer beneath and 
downgradient of Milltown within approximately 16 years after initiation of the sediment 
removal.  Recreation of a human exposure risk to impacted groundwater at Milltown would not 
be anticipated under this Alternative because it includes removal of Milltown Dam and partial 
floodplain backfill which should minimize the potential for sediment re-accumulation in the 
future. 

Protection of the Environment 

Site-specific dissolved metals criteria, such as the trout TRVs, would be expected to be met 
within and downstream of the reservoir after implementation of Alternative 7B.  This alternative 
would also be expected to meet Federal AWQC (except for those cases where the upstream 
loading causes exceedances). The frequency and magnitude of exceedances of the trout TRV, 
Federal AWQC or WQB-7 Standards will be similar to the frequency currently occurring when 
the reservoir is not drawn down.  Implementation of this alternative would not eliminate the need 
for an ARARs waiver because exceedances of the State of Montana’s WQB-7 Surface Water 
Standards for total recoverable metals are still predicted (Appendices E2 and E3). 

Alternative 7B, which includes both dam and sediment removal, is considered more permanent 
in its ability to be protective than alternatives that do not include both dam and sediment 
removal.  After implementation of Alternative 7B, no existing sediments would remain in the 
reservoir and reaccumulation of sediments transported in the future would be greatly reduced.  
Therefore, the potential for future scouring of metals-impacted sediments would be minimized.  
A large volume of sediment would be removed from the reservoir and disposed of in an 
engineered off-site repository reducing the volume remaining in the floodplain and significantly 
reducing sediment COC potential mobility.  Excavated sediments would be removed from 
MRSS but would not be treated to reduce toxicity and volumes of impacted material outside the 
floodplain would likely increase due to the inefficiency of dredging excavation methods. 

Implementation of Alternative 7B, as with all the alternatives that include sediment dredging, 
may result in negative water quality impacts (turbidity/total recoverable metals increases as well 
as increases in dissolved metals due to changes in geochemical conditions) during the 
construction period (approximately 12 years of dredging plus an additional year for removal of 
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Milltown Dam) (Appendix G2).  BMPs would be employed to mitigate the potential severity of 
the water quality impacts but exceedances of dissolved copper trout TRVs and Federal AWQC 
could occur during the implementation of this alternative.  Impacts to approximately 489 acres of 
wetlands would occur though much of the impacted acreage could be replaced on-site after the 
dam and sediment removal is complete (Appendix G1) and the remainder of the wetland loss 
could be mitigated off-site. 

5.2.10.2 Compliance with ARARs 

Overall, Alternative 7B is predicted to provide a moderate achievement of the Compliance with 
ARARs criterion.  This alternative would require a waiver of Montana Surface Water Quality 
Standards specified in WQB-7, and may not comply with all location- and action-specific 
ARARs. Additional discussion on Alternative 7B’s compliance with contaminant-, location-, and 
action-specific requirements is provided in the following sections. 

Contaminant-Specific ARARs for Surface Water – The ability of Alternative 7B to achieve 
compliance with the State of Montana’s WQB-7 Surface Water Standards was analyzed 
separately for typical flow and high flow/ice scour conditions.  Because implementation of 
Alternative 7B includes the removal of impacted sediments from the entire reservoir area and 
removal of the dam to minimize sediment re-accumulation, it effectively addresses contribution 
of COCs to the CFR from the MRSS.  Therefore, the number of exceedances of WQB-7 
Standards is anticipated to be similar to the number currently seen under conditions when the 
reservoir is not drawn down  (see Sections 5.2.6.2 and 5.2.9.2).  

Contaminant-Specific ARARs for Groundwater – Based on the results of a flow tube mass 
balance analysis presented in Appendix E4, Alternative 7B would be expected to achieve 
groundwater ARARs in the alluvial aquifer.  Using estimated loading reduction rates and 
assuming uniform mixing in the flow tube and conservation of mass along the flow path (i.e., no 
loss or increase in concentrations due to adsorption/desorption or precipitation/dissolution 
reactions), the Appendix E4 analysis predicted that after the existing arsenic in the alluvial 
aquifer is effectively flushed out, post-alternative arsenic concentrations in the aquifer beneath 
Milltown would ultimately be reduced to near background levels.  As previously discussed, it is 
estimated that aquifer flushing could take approximately 4 years after completion of sediment 
removal activities (which are estimated to take approximately 11 to 12 years under this 
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alternative).  Therefore, it is assumed that groundwater contaminant-specific ARARs would be 
achieved under this alternative in approximately 16 years following initiation of project work.  

Location-Specific ARARs – Location-specific ARARs that apply to the excavation of sediments, 
channelization and dam removal are presented in Alternative 7A (see Section 5.2.9.2).  A 
significantly greater number of acres (approximately 489) of wetlands would be impacted by 
implementation of Alternative 7B.  However, on-site restoration of most of the impacted 
wetlands should be possible  (Appendix G1).  The remaining loss of wetlands, if any, would 
have to be replaced elsewhere. 

Action-Specific ARARs – Similar to the other dredging alternatives, implementation of 
Alternative 7B would require use of BMPs to comply with state laws allowing for surface water 
quality standards exceedances during remedial action dredging/construction activities.  Due to 
the larger removal volumes and the need to also subsequently dismantle the dam this 
construction waiver would likely extend over a longer period of time than for Alternatives 3B 
through 7A.  See Sections 5.2.5.2, 5.2.6.2, and 5.2.9.2 for a discussion on action-specific ARARs 
associated with dredging, disposal, dam removal, and construction activities.   

5.2.10.3 Long-term Effectiveness and Permanence 

Overall, Alternative 7B is predicted to provide a high ability to provide long-term effectiveness 
and permanence.  Alternative 7B, which includes both dam and sediment removal, is considered 
more permanent in its ability to be protective than alternatives that do not include both dam and 
sediment removal.  The magnitude of residual risks that may remain under Alternative 7B and 
the adequacy and reliability of controls are discussed below.  

Magnitude of Residual Risk – The magnitude of residual risks that may remain under Alternative 
7B are predicted to be similar to Alternative 7A, see Section 5.2.9.3.  The magnitude of potential 
residual risk that may remain under Alternative 7B is discussed in the following paragraphs.  

Residual Risk to Vegetation and Terrestrial Ecosystem - Residual risks to the terrestrial habitat 
would be largely related to the time required for restoring a vegetated floodplain along with the 
likelihood that the water table in the reconstructed floodplain would be deeper than under current 
reservoir conditions, potentially reducing the functional value and acreages of floodplain 
wetlands.   
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Residual Human Health Risk from Exposure to Impacted Groundwater – This alternative 
addresses the risk of human exposure to impacted groundwater by maintaining the existing 
replacement water supply and potentially enacting other additional institutional measures to 
prevent access to arsenic-impacted groundwater in the short term until source removal and 
natural attenuation cleans up the alluvial aquifer.  As discussed in Section 5.2.10.2, risk 
associated with this pathway is also addressed over the long-term given that flow tube modeling 
suggests that arsenic concentrations in the alluvial aquifer would be reduced to below drinking 
water standards under this alternative.  Therefore, this alternative would effectively mitigate 
human health risks associated with ingestion of arsenic-impacted groundwater. 

A residual risk of human ingestion of groundwater could occur under this alternative should a 
change in alluvial aquifer flow or geochemical conditions result in a significant reduction in the 
aquifers ability to attenuate sources of arsenic that were not removed by the reservoir sediment 
removal (i.e., arsenic adsorped on aquifer material, other background arsenic sources unrelated to 
the reservoir sediments).  However, as noted previously a significant reduction in aquifer 
attenuation capabilities would require a drastic change in flow rates or switch to reducing 
conditions, both of which would be improbable. 

Residual Risk to Surface Water/Aquatic System - Because downstream metals concentrations are 
predicted to be largely a function of influent water quality from upstream reaches of the CFR and 
BFR, average dissolved metals concentrations downstream of the reservoir are expected to be 
similar to the concentrations presently seen during conditions when the reservoir is not drawn 
down.  Although these concentrations are expected to remain below site-specific risk based 
criteria, such as the trout TRVs, they may periodically exceed Federal AWQC for dissolved 
copper because of upstream sources.  

Residual Human Health and Ecological Risks Associated with Dam Failure - Although 
catastrophic dam failure is considered a low risk, this alternative would eliminate the risk. 

Adequacy and Reliability of Controls – Similar to previous alternatives, controls used to manage 
removed sediments or treatment residuals would include long-term monitoring and five-year site 
reviews, until RAOs and RAGs are achieved.  Sediments removed would be disposed of in a 
repository and monitored.  This would be adequate to determine if the constructed systems are 
controlling the mobility of sediments in the repository.  This Alternative would require 
establishment of groundwater ICs, such as a temporary CGA, to prevent access to contaminated 
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groundwater until the aquifer is restored.  CGA’s have been shown to be a reliable control at 
other sites. 

5.2.10.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

Alternative 7B is predicted to provide a moderate to high achievement of the reduction in the 
toxicity, mobility, or volume of impacted sediments within the reservoir similar to Alternative 
6B (see Section 5.2.8.4).   

5.2.10.5 Short-term Effectiveness 

Alternative 7B is predicted to have a low achievement of short-term effectiveness since there 
would be extensive impacts to the reservoir wetlands, terrestrial, and aquatic habitat and 
significant short-term water quality impacts during an extended construction timeframe.  The 
protection of community, workers and the environment during remedial actions and the time 
until protection is achieved are discussed below. 

Protection of Community, Workers and Environment During Remedial Actions – An increase in 
short-term risk to the community and workers, associated with the dam removal, construction 
activities, dredging, dewatering, and hauling sediments would be expected with implementation 
of Alternative 7B.  The type of short-term risks to the community, workers and the environment 
are similar to, but would extend over a longer time period than, Alternatives 3B, 5, and 7A, 
(Sections 5.2.5.5 and 5.2.6.5, and 5.2.9.5 respectively) with a few exceptions discussed below.   

Implementation of Alternative 7B would result in loss of approximately 489 acres of wetlands 
(Appendix G1).  After dredging is complete, the dam removed, and the floodplain reconstructed, 
much of this area could be re-established as on-site wetlands.  Environmental impacts and 
mitigation possibilities for wetlands are similar to Alternative 7A but the areal extent of impacts 
is much greater.  Because the sediments in the reservoir upstream of Duck Bridge are thinner, on 
average, than below Duck Bridge the acreage of disturbance per cy of sediment removed is 
greater under Alternative 7A than under Alternative 7B.   

Time Until RAOs are Achieved – Implementation of the sediment removal is expected to take 
approximately twelve construction seasons.  However, metals loading from upstream sources 
would continue.  Therefore, periodic exceedance of WQB-7 standards within, and downstream 
of, the reservoir, that were not strictly associated with emergency reservoir drawdown, would be 
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expected to continue (see Section 5.2.1.5).  In addition, the RAOs associated with loss of 
reservoir wetlands would not be achieved for an extended period of time (on the order of 10 
years after construction completion or 22 years after project initiation to re-establish shrub-type 
wetlands on-site. 

Establishment of a CGA in combination with the existing replacement water supply and other 
existing ICs, would achieve the RAO of preventing exposure to contaminated groundwater until 
the source removal component of Alternative 7B restores the aquifer.  The RAO for meeting 
groundwater drinking water standards throughout the alluvial aquifer would likely be met within 
approximately 4 years after completion of the sediment removal (i.e., within approximately 16 
years after initiation of project implementation work). 

5.2.10.6 Implementability 

Alternative 7B would provide a low to moderate achievement of implementability.  Similar 
implementability issues as presented in Alternatives 3B and 5 apply to Alternative 7B.  However, 
due to the increase in sediment removal volumes, implementability constraints associated with 
near reservoir disposal site capacity become greater.  See Sections 5.2.5.6 and 5.2.6.6 and 
Appendix H1 for a discussion on implementability, including the ability to construct and operate 
the technology, reliability of the technology, monitoring effectiveness, ability to obtain approvals 
(for off-site activities) and/or coordinate with other agencies, and availability of necessary 
equipment, specialists, materials and off-site facilities. 

5.2.10.7 Cost 

The projected costs for Alternative 7B are summarized in Table 5-3.  Capital costs for this 
alternative include construction costs associated with dam removal, channel/stream bank 
reconstruction, a BFR drop structure, excavation, transportation and deposition of sediments, 
repository construction, water treatment and sediment dewatering, soil backfill, floodplain 
revegetation, wetland mitigation, and any legal, engineering and administrative fees necessary 
for the implementation of the remedy.  O&M costs include long-term monitoring and repository 
O&M.   

Assuming use of the slurry transportation to near reservoir wet disposal site option for sediment 
removal, the estimated total and PV costs for Alternative 7B are $384,587,688 and  
$205,153,387, respectively.  The PV cost places this alternative in the low achievement of the 
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cost criteria category.  It should be noted that this sediment transport/disposal option is the least 
costly of all options evaluated.  A complete evaluation of costs for other options is located in 
Appendix I1. 
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6.0 COMPARATIVE ANALYSIS 

In this section, each of the alternatives that have been evaluated according to the threshold and 
balancing criteria in Section 5.0 are comparatively evaluated for the MRSS.  Results of the 
comparative analysis are documented in the following sections and on Table 6-1.  A comparison 
of state acceptance and local government and community acceptance will be made by EPA after 
comments to the CFS and/or proposed plan are received. 

The comparative analysis of alternatives is conducted to evaluate the relative performance of 
each alternative in relation to the other nine alternatives retained after alternative screening.  This 
is in contrast to the preceding analysis in which each alternative was analyzed independently 
without consideration of other alternatives.  The purpose of this comparative analysis is to 
identify the advantages and disadvantages of each alternative relative to one another so that the 
key tradeoffs that the decision makers must balance may be identified (EPA 1988). 

6.1 Overall Protection of Human Health and the Environment 

Various ecological risk assessments have all shown potential risks to downstream aquatic life 
from hazardous substances to be generally restricted to catastrophic dam failure and subsequent 
sediment release, or circumstances such as occurred during the February 1996 ice scour and 
reservoir drawdown event. All alternatives adequately protect human health and the environment 
against potential catastrophic dam failure because FERC mandated requirements will be 
implemented. All alternatives except the No Action Alternative (Alternative 1) are considered to 
be adequately protective from ice scour/drawdown events.  Many of the alternatives 
(Alternatives 3B, 5, 6A, 6B, 7A and 7B) have significant detrimental construction impacts with 
adverse environmental protectiveness in the short-term, while those alternatives which include 
both sediment and dam removal (Alternative 7A and 7B) are considered to be more permanent in 
their ability to be protective of downstream aquatic life. 

Human health risk evaluations have shown that, with the exception of the potential for ingestion 
of arsenic-impacted groundwater, the human exposure pathways for MRSS COCs are not 
considered to be significant (Section 1.4.3).  Specific to potential human exposure to downstream 
surface water the release of sediments from the reservoir was determined to represent a low risk 
to human health even in the case of a catastrophic event (see Continued Releases Risk 
Assessment Executive Summary).  The Human Health Risk Assessment did, however, find that 
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future use of the arsenic-impacted aquifer beneath Milltown as a potable water supply would 
significantly increase human cancer risk.  This risk is addressed under all the alternatives as the 
replacement water supply which serves the Milltown community, combined with monitoring of 
plume extent and water quality in nearby domestic wells still in use, prevents ingestion of 
impacted groundwater.  In the longer term (i.e., for the estimated 200 to 2000 years it will take 
for natural depletion to reduce reservoir sediment arsenic loading rates sufficiently to restore 
groundwater quality beneath Milltown) the protectiveness of the various alternatives depends 
upon the extent to which each Alternative expedites restoration of the aquifer or prevents 
exposure through existing or additional ICs (i.e., well bans and/or provisions for additional 
replacement water supplies) designed to assure that there is no future domestic use of impacted 
groundwater. 

Alternative 1, the No Further Action Alternative, includes FERC Requirements associated with 
dam safety upgrades and fish passage. This alternative is expected to continue to meet site-
specific risk based trout TRVs for dissolved metals concentrations downstream of the dam, but 
exceedances of Federal AWQC are expected to occur at the current rate.  These Federal AWQC 
exceedances are most likely to occur during ice scour/drawdown events because Alternative 1 
does not include any new dam modifications or controls to mitigate the need for future 
emergency reservoir drawdown during ice jam events.  As discussed in Appendix E2 and AERL 
1999a, reservoir drawdown has been shown to be a contributing factor to increases in 
downstream metals loading during past ice scour events.  EPA’s BERAA concluded that during 
events such as the 1996 ice scour and reservoir drawdown event, copper may cause unacceptable 
moderate acute risks to aquatic life from exposure to water below Milltown Dam.  In addition, 
Alternative 1’s ability to prevent future potential for human exposure to impacted groundwater is 
more uncertain because it includes no active components to expedite restoration/prevent future 
migration of the aquifer arsenic plume and no additional ICs designed to assure that there is no 
future domestic use of impacted groundwater. Therefore, Alternative 1 is assigned only a low 
achievement rating for protection of the environment.  Because of this low achievement rating  
and its inability to provide “adequate protection to human health and the environment” for this 
threshold criteria, the No Further Action Alternative (Alternative 1) will not be retained for 
discussion or rated for any of the other criteria in this section of Table 6-1. 

Implementation of Alternatives 2A through 7B all mitigate the downstream metals loading 
impacts associated with emergency reservoir drawdown (with resulting mechanical ice scour) 
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either through modification of the dam (i.e., replacement of the flashboard assembly with an 
inflatable dam) or removal of the dam.  Available data (Appendix E2 and ARCO 1999a) suggest 
that reservoir drawdown can explain much, if not all, of the net metals loading increase from the 
reservoir observed during the 1996 ice scour event.  However, because of continued loading 
from upstream, periodic exceedance of state WQB-7 water quality standards for aquatic life 
downstream of the reservoir would still be expected under all of the alternatives.  A slight 
decrease in the frequency of WQB-7 exceedances downstream of the reservoir would be 
predicted under Alternatives 3B, 6A and 6B due to enhancement of sedimentation of metals 
loading from upstream. 

Implementation of Alternatives 2A through 7B all address the potential for human exposure to 
impacted groundwater either through ICs only or through a combination of engineering and ICs.  
Each of these alternative are considered to be effective in addressing the risk associated with 
human exposure to arsenic impacted groundwater because the replacement water supply serving 
the Milltown community combined with monitoring of plume extent and water quality in nearby 
domestic wells still in use currently prevents ingestion of impacted groundwater.  However, there 
may be a small increase in the risk of short-term exposure to arsenic-impacted groundwater 
under the sediment removal alternatives if disturbance of the sediments during dredging results 
in a temporary expansion of the arsenic plume into currently unimpacted areas where 
groundwater is being utilized.  Groundwater monitoring would track, but not mitigate, the 
potential for short-term human exposure to arsenic-impacted groundwater in the event the plume 
expanded during dredging. 

The alternatives that include active components designed to expedite restoration/prevent future 
migration of the aquifer arsenic plume may provide better protection of human health over the 
long term than those alternatives that rely strictly on ICs to prevent future potential for human 
exposure to impacted groundwater.  Based on a flow tube and aquifer flushing timeframe 
analysis presented in Appendix E4, Alternatives 6A through 7B are predicted to have a high 
likelihood of restoring the alluvial aquifer beneath and downgradient of Milltown to drinking 
water standards within approximately 4 years of completion of sediment removal activities.  
Alternatives 7A and 7B are considered to provide a slightly higher protectiveness against future 
human exposure to contaminated groundwater because they further minimize the small potential 
for sediment re-accumulation to recreate the aquifer plume in the future. The flow tube analysis 
predicted that implementation of Alternatives 2B, 3B and 5 would significantly reduce arsenic 
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concentrations in the alluvial aquifer beneath and downgradient of Milltown, but were unlikely 
to achieve drinking water standards throughout the entire aquifer.  Alternatives 2A and 3A rely 
solely on existing and additional ICs to prevent future potential for human exposure to impacted 
groundwater.  Existing groundwater ICs (i.e., the MWUA replacement water supply and current 
groundwater monitoring) have been shown to be protective against current risks, and other 
potential additional ICs (i.e., establishment of a CGA and provisions for replacement water 
supply expansion or additions) have been shown to be protective elsewhere.  However, the long-
term protectiveness of ICs alone is more uncertain than the combination of ICs and active 
remedy components envisioned under the other alternatives.   

All the alternatives that include sediment dredging (i.e., Alternatives 3B, 5, 6A, 6B, 7A and 7B) 
may result in significant short-term impacts to the environment.  Because dredging may result in 
changing local geochemical conditions within the sediments from reducing to oxidizing (thereby 
increasing copper solubility), these alternatives could increase dissolved copper concentrations 
during the construction period.  These dredging alternatives will also result in loss of wetlands, 
displacement of fauna, and, in the case of the channelization under Alternatives 3B and 5, loss of 
aquatic habitat.  Alternatives which include dam and sediment removal (Alternatives 7A and 7B) 
are considered to be more permanent in their ability to be protective of downstream aquatic life 
from ice scouring events because there would be no remaining sediments to scour and the 
potential for sediments to reaccumulate in the future would be minimized.  Because of the 
negative short-term impacts with no offsetting increase in permanence Alternatives 3B, 5, 6A, 
and 6B were assigned a moderate achievement of environmental protection.  Given the extent of 
removal (dam and sediments) under alternatives 7A and 7B, these alternatives were assigned a 
moderate to high achievement in environmental protection. The two alternatives that include 
dam modifications to reduce the need for emergency reservoir drawdown but do not have the 
negative short-term impacts of dredging (i.e., Alternatives 2A and 3A) are also assigned a 
moderate to high achievement of environmental protection.  Alternative 2B, although it does not 
include dredging, is assigned a moderate achievement of environmental protection because of the 
risk of surface water quality impacts associated with the potential for groundwater containment 
to increase metals loading from groundwater to surface water.   
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6.2 Compliance with ARARS 

None of the alternatives would result in compliance with surface water quality ARARs.  By 
mitigating the need for an emergency reservoir drawdown, all of the retained alternatives would 
be expected to dramatically decrease the magnitude of downstream exceedance of WQB-7 
aquatic life standards during future ice scour/drawdown events.  In addition alternatives that also 
remove or isolate (by channelization) sediments from flowing river channels (i.e., Alternatives 
3B, 5, 6A, 6B, 7A and 7B) would be expected to slightly decrease the magnitude of downstream 
WQB-7 standards exceedances during events when the reservoir has net scour.  Alternatives 3B, 
6A and 6B may reduce the long-term frequency of exceedances compared to current conditions 
by increasing sedimentation of metals load from upstream.  All of the dredging alternatives 
would adversely impact surface waters during implementation and therefore, would not be 
expected to comply with surface water contaminant-specific ARARs during that construction 
period.  With employment of BMPs, however, state law may provide for a variance for these 
standards. 

Only alternatives 6A through 7B are likely to ultimately comply with groundwater quality 
ARARs throughout the alluvial aquifer.  However, an extended timeframe (on the order of 11 to 
16 years would be required while sediments were being dredged and arsenic currently within the 
aquifer was flushed out before groundwater quality standards would be met under these 
alternatives.  A waiver of groundwater cleanup requirements is required for the remainder of the 
Alternatives.  Alternatives 2B, 3B and 5 would be expected to significantly reduce the extent of 
the area exceeding groundwater standards but would not be expected to achieve groundwater 
quality standards throughout the alluvial aquifer.   However, these alternatives could be 
implemented more rapidly and would be expected to reduce groundwater arsenic concentrations 
and the extent of the aquifer plume within approximately 5 or 6 years.  The extent of, and 
concentrations within, the alluvial aquifer arsenic plume would not be effected by 
implementation of Alternatives 2A and 3A.   

Alternative 2A is expected to meet all location- and action-specific ARARs.  Mitigation 
measures will be necessary for Alternatives 2B and 3B through 7B to meet several location- and 
action-specific ARARs due to the disturbance of the floodplain and wetlands and construction 
degradation of surface water and, in the case of dam removal Alternatives 5, 7A and 7B, 
disturbance of structures that may qualify as historic. Alternatives 3A, 3B, and 5 would require 
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waivers from state waste management requirements which prohibit the active management of 
solid waste within the floodplain. 

None of the retained alternatives would meet all ARARs.  Under all alternatives periodic 
exceedances of contaminant-specific ARARs for surface water would continue.  These 
exceedances would primarily be due to continued metals loading from upstream sources.  All 
alternatives would require waivers of, or mitigation to meet, several ARARs.  The magnitude of 
surface water quality ARAR exceedances during events that currently require emergency 
reservoir drawdown would be expected to be dramatically reduced under all alternatives where 
the rubber dam is installed.  However, in the case of the alternatives requiring sedimentation 
basins that would be effective long-term (i.e., Alternatives 3B, 6A and 6B), downstream surface 
water quality ARARs would be met a greater percentage of the time.  Surface water ARARs 
would likely be exceeded during construction activities for all alternatives which require 
dredging.  However, the long-term sedimentation basin alternatives that do not include 
channelization (i.e., 6A and 6B), are ranked higher (moderate-high) than the other alternatives 
(moderate) because increased long-term compliance with surface water quality ARARs is 
predicted. 

6.3 Long-term Effectiveness and Permanence 

Based on existing water quality data (Appendix E1) site-specific, risk-based dissolved metals 
water quality criteria (trout TRVs) and Federal AWQC would be predicted to continue to be met 
under all of the retained alternatives (excluding Alternative 1, as noted) except for those cases 
where the upstream loading causes exceedances.  Also, the riparian and wetland areas of the 
reservoir are currently productive and of high functional value; impacts to these wetlands 
decrease effectiveness until mitigation occurs.  Finally, all of the alternatives assume 
continuation of monitoring and implementation of other controls/maintenance as necessary to 
assure reliability of protection and prevention of human exposure.  Therefore, all of the retained 
alternatives are predicted to have at least a moderate long-term effectiveness rating unless the 
alternative results in significant disturbance to the geochemical system that currently mitigates 
metals impacts or causes permanent negative impacts to aquatic or terrestrial habitat.  
Disturbance of the current sediment geochemical system would be greatest under the dam 
removal with channelization alternative.  Also a leachate collection system and water treatment 
facility is necessary as part of this alternative.  Because active permanent operation of this 
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facility to manage residual risk is necessary and the great disturbance to the geochemical regime 
in the sediments, Alternative 5 is assigned a low to moderate rating. 

Removal of sediments, particularly when combined with dam removal to minimize future re-
accumulation of sediments from upstream improves remedy permanence.  Once the sediment is 
removed it is no longer available to pose a risk and when combined with dam removal, sediment 
reaccumulation would be minimized, thereby permanently reducing the risk.  Groundwater fate 
and transport analyses suggests that sediment removal should ultimately restore the alluvial 
aquifer beneath Milltown to drinking water standards provided the sediment removal addresses 
the areas of higher concentration sediments in the lower reservoir (as is the case under 
Alternatives 6A through 7B).  Removal of the dam under Alternatives 7A and 7B eliminates the 
remote possibility of catastrophic failure of the dam in the future.  Therefore, even though 
loading from upstream will continue to cause surface water quality criteria exceedances 
downstream of the reservoir, Alternatives 7A and 7B are assigned a high achievement rating.   

Alternatives 2A, 2B, 3A, and 3B are assigned a moderate rating.   These alternatives would 
maintain or improve the majority of the existing productive reservoir habitat and, by eliminating 
the need for emergency reservoir drawdown during ice scour events, would likely address the 
potential risks to downstream aquatic life during ice scour events.  However, active perpetual 
management and maintenance of the dam and reservoir would be required as the majority of the 
sediments remain in the reservoir, thereby reducing the overall permanence of the alternatives.  
Alternatives 2B and 3B may provide some additional effectiveness in reducing the extent of the 
alluvial aquifer arsenic plume.  However, drinking water standards would not be expected to be 
achieved throughout the aquifer under these alternatives.  Therefore, like Alternatives 2A and 3A 
they also need to rely on groundwater ICs to ensure the prevention of human exposure to the 
alluvial aquifer arsenic plume. 

Alternatives 6A and 6B were assigned a moderate to high rating because the contaminated 
sediment, especially the most contaminated portion in the lower reservoir, is removed.  However, 
the dam remains in place and sediments containing elevated levels of metals are allowed to re-
accumulate (until periodically removed) and therefore they may present some residual risk to 
surface and/or groundwater quality in the future.  The dam also needs to be maintained in 
perpetuity thereby reducing overall permanence. 
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6.4  Reduction of Toxicity, Mobility or Volume 

Alternatives 6A, 6B, 7A and 7B ranked moderately high; Alternatives 2B, 3B, and 5 ranked 
moderate; and Alternatives 2A and 3A attained low to moderate achievement for this criterion.  
It should be noted that many of the alternatives require extensive treatment of dredge water or 
leachate. Although considered a “treatment process”, this treatment does not reduce the principal 
threat posed by the sediments themselves to downstream aquatic life but rather, it reduces threats 
posed by implementation of the various alternatives. The threats presented by the sediments 
themselves are primarily reduced by either reducing the volume of sediments subject to erosion 
and removing them to a location where the sediments are less mobile, or making the sediments 
less mobile by reducing the potential for ice scour/drawdown events.  The ranking of these 
alternatives are, therefore, aligned with the volumes of sediment removed from the system and 
not by the volume of water treated. 

Treatment or Recycling Processes and Materials They Will Treat - Alternatives 2A, 2B and 3A 
include no treatment processes.  Alternatives 3B and 5 include treatment of approximately 0.8 
billion gallons of water from the sediment dewatering process.  Alternatives 6A and 7A include 
treatment of approximately 3 to 6 billion gallons water from sediment dewatering. Alternatives 
6B and 7B include treatment of approximately 5 to 10 billion gallons of water from sediment 
dewatering. 

Amount of Constituents Treated or Destroyed - Alternatives 2A, 2B and 3A would not treat or 
destroy any of the site media.  Alternatives 3B and 5 would remove and dispose of 
approximately 0.7 mcy of sediments without treatment except for treatment of water from 
sediment dewatering activities.  Alternative 5 would also treat approximately 0.5 to 5 million 
gallons per day of extracted leachate from sediments left in place.  Alternatives 6A and 7A 
would remove and dispose of approximately 5.2 mcy of sediments without treatment except for 
treatment of water from sediment dewatering activities.  Alternatives 6B and 7B would similarly 
remove and dispose without treatment approximately 8.9 mcy of sediments.  

Degree of Expected Reduction in Toxicity, Mobility, or Volume - Alternatives 2A and 3A would 
provide no reduction of toxicity, mobility, or volume through treatment.  All alternatives which 
reduce the ability of ice to scour the bottom of the reservoir by installation of a rubber dam 
(Alternatives 2A, 2B, 3A, 3B, 6A and 6B) would also reduce the mobility of the contaminated 
sediments.  Alternatives 2B, 3B and 5 would provide varying degrees of reduction in volume 
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and/or mobility of metals-impacted sediment present at the MRSS, although in the case of the 
removal alternatives impacted sediments would be stored untreated in an off-site repository and 
some impacted sediments would be left on-site.  Alternatives 6A, 6B, 7A and 7B all would 
remove large volumes of sediments and place them, untreated, in a repository.  Alternatives 6B 
and 7B would remove a larger volume but all 4 alternatives remove the most contaminated 
sediments from the lower reservoir, which pose the largest risks.  Repository storage greatly 
reduces the potential mobility of the sediments by isolating them from the river system. 

Degree to Which Treatment is Irreversible - Alternatives 2A, 2B and 3A do not include 
treatment technologies.  Other alternatives, that include water treatment, precipitate metals out of 
solution into sludges.  Metals removal from the treated water can be considered irreversible 
though the metals remain concentrated in the sludge, subject to the potential for re-release in the 
disposal facility.  Alternatives 3B through 7B include the removal and disposal of sediments 
which can be considered relatively irreversible.  However, COCs in the relocated sediments are 
not treated or destroyed and are subject to the potential for re-release from the disposal facility.  
Sediments from upstream would re-accumulate in the reservoir under alternatives that did not 
include dam removal. 

Type and Quantity of Residuals Remaining After Treatment - Alternatives 2A, 2B and 3A do not 
include technologies that would generate residuals.  Alternatives 3B through 7B would produce 
water treatment sludge/residuals that would require off-site disposal. The total amount of 
treatment sludges generated would be greatest for the larger removals and for Alternative 5, 
which also includes long-term leachate collection and treatment. 

Degree to Which Treatment Would Reduce the Principal Threats at the Site - Alternatives 2A, 
2B and 3A employ no treatment technologies, therefore they would not reduce principal threats 
through treatment.  Alternative 3B through 7B would remove varying amounts of sediments 
from the Milltown Reservoir, thereby reducing the threat posed by the sediments to downstream 
aquatic life.  Alternatives 3B through 7B also include treatment of water from sediment 
dewatering which may reduce the threat, if any, posed by sediment pore water.  Alternatives 5 
would extract/treat sediment pore water leachate in combination with other remedial actions, 
thus reducing the threat of dissolved metals loading to the CFR.  
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6.5 Short-term Effectiveness 

Alternatives 2A and 3A focus work on the dam or on low-impact activities within the reservoir, 
therefore the short-term risks to the community due to implementation are minimal.  Alternatives 
3B through 7B would significantly increase short-term risks to the community, workers and the 
environment due to dredging and hauling of the sediments. These risks to workers and the 
community along the transportation route would increase as the scale and/or length of the 
operation increased. Alternative 5 would also increase the short-term risks to workers during 
construction and operation of the leachate collection and treatment system. Risks can be reduced 
to workers and the community through implementation of aggressive health and safety programs 
but they cannot be eliminated. 

Alternatives 2A, 2B and 3A may present some risks to downstream aquatic life during the 
reservoir drawdown which would be necessary to conduct construction activities (one 
construction season) associated with installation of the rubber dam, other dam upgrades and, in 
the cases of Alternatives 2B and 3A, implementation of groundwater containment and erosion 
control elements, respectively.  Implementation of Alternatives 3B through 7B may potentially 
have significant negative short-term impacts on the environment, especially to downstream 
aquatic life.  BMPs and other engineering controls would be employed in an attempt to mitigate 
the negative environmental impact for all dredging alternatives but these risks to downstream 
aquatic life would still be significant during the dredging operation. These risks to downstream 
aquatic life would increase with the amount of sediment removed, the rate of sediment removal 
and the time needed to implement the remedial action.  In addition, the removal alternatives will 
result in short-term impacts (i.e., habitat destruction, risk of releases to surface and groundwater) 
to the environment both within the on-site wetlands (displacement/loss of fauna) and at the off-
site disposal location.  These impacts can be minimized but not eliminated by appropriate site 
selection and design. 

Due to continued loading from upstream none of the alternatives would achieve all the EPA-
identified RAOs (including meeting WQB-7 surface water quality criteria for aquatic life 
downstream of the dam) for an extended period (potentially hundreds of years).  Because of the 
potential for increases in dissolved metals during dredging, the RAO for protection of 
downstream aquatic life (as reflected by trout TRVs and Federal AWQCs) may not be met 
during the implementation of the dredging alternatives.  Alternatives 3B through 7B will take 
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longer to meet this RAO than non-dredging alternatives (2A, 2B and 3A) which take only one 
field season to implement. Also, alternatives that result in loss of reservoir wetlands due to 
groundwater containment system construction, sediment removal, dam removal and/or 
channelization (i.e. Alternatives 2B and 3B through 7B) would also not achieve the protection of 
reservoir wetlands RAO until wetlands of equivalent functional value were re-established. 

All of the alternatives currently meet the RAO for preventing human exposure to contaminated 
groundwater.  The RAO for meeting groundwater drinking water standards throughout the 
alluvial aquifer would likely not be fully met by any of the alternatives that do not include 
removal of the lower reservoir sediments until the available arsenic in the sediments was 
depleted over hundreds or thousands of years.  The Alternatives that include removal of lower 
reservoir sediments would be expected to meet groundwater standards throughout the alluvial 
aquifer within approximately 4 years after completion of the sediment removal (i.e., within 
approximately 11 years for Alternatives 6A and 7A and 16 years for Alternatives 6B and 7B). 

Because of the increased recognized risk to workers, the community and the environment posed 
by the alternatives which include dredging, and the longer time frames needed to meet RAOs for 
the alternatives which include dredging; the alternatives which include dredging (3B through 7B) 
are rated lower than those that did not include dredging (2A, 2B and 3A) for the short-term 
effectiveness criterion.  Alternatives 2A and 3A are rated high for this criterion; Alternative 2B 
which has some additional short term impacts associated with construction of the groundwater 
containment system is ranked moderate to high; and the alternatives which include dredging are 
rated moderate (Alternatives 3B and 5), low to moderate (Alternatives 6A and 7A) or low 
(Alternatives 6B and 7B) based on the volumes of materials dredged and the length of time 
necessary to implement an alternative. 

6.6 Implementability 

All of the retained alternatives are technically feasible to implement. However, the relative 
implementability between alternatives, which also includes administrative feasibility varies 
considerably.  Alternative 2A employs no active remedial measures on the reservoir sediments 
and would presumably utilize technologies for dam modifications that have a proven record on 
implementability.  Alternative 2A, therefore, attained a high achievement rating of this 
evaluation criteria.  Alternative 2B requires installation of a competent groundwater containment 
system which is expected to be difficult to accomplish in the prolific, high velocity alluvial 
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aquifer, particularly given the potential for leaks at the numerous tie-in points between along the 
bedrock and between the grouted sections and the slurry wall sections.  Alternative 2B was 
therefore rated only moderately implementable.  Alternatives 3A was rated moderate to high 
because, although revegetation and streambank stabilization techniques have a long history, their 
reliability may be effected by environmental conditions (droughts, high flows, etc.) immediately 
after implementation.   The alternatives involving dredging with the dam staying in place are 
given a moderate rating.  Few environmental dredging projects, especially those of the 
magnitude considered in Alternatives 6A and 6B; have been attempted in a riverine environment.  
Where attempted, such as at Manistique Superfund Site, environmental dredging has 
encountered numerous problems that reduced effectiveness and resulted in significant cost and 
schedule overruns.   The alternatives which include dam removal and dredging are given a 
moderate (Alternatives 5 and 7A) or low to moderate rating (Alternative 7B) because of the 
technical difficulties previously mentioned and the additional approvals and coordinations 
required to decommission an operating hydroelectric facility.  Alternative 7B was given the 
lowest implementability rating because of the dam removal aspect and the shear size of the 
dredging project and the difficulty in obtaining a single local repository with sufficient capacity 
to contain the entire estimated dredging volume. 

Ability to Operate and Construct Technology - Difficulties associated with construction of the 
dredging alternatives include: 

• Installing and maintaining turbidity controls in a flowing river during the excavation of 
sediments in Alternatives 3B through 7B; 

• Dealing with debris and variations in river flow during dredging; 
• The inability to observe the work zone as dredging proceeds below water; and 
• The interdependency of equipment associated with dredging (for example if a booster pump 

in the slurry line breaks down all dredging activity could be stopped until the pump was 
returned to operation). 

 

Operational Reliability and Ability to Monitor Effectiveness - The operational reliability of the 
rubber dam used as the primary control to prevent ice scouring should be high.  The water 
treatment and dredging technologies included as part of Alternatives 3B through 7B are 
considered to be reliable.  However, dredging production rates (and the resulting implementation 
times) may be impacted by debris, implementation of BMPs to adequately control turbidity, and 
the lack of homogeneity of the sediments.  
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Available Capacity and Location of Treatment, Storage, and Disposal Services - Siting a large 
repository within a reasonable distance from the Milltown Reservoir for the disposal of 
sediments removed from the reservoir and water treatment sludges under Alternatives 3B 
through 7B, would be difficult.  It may also be difficult to site an on-site water treatment facility 
near the reservoir to treat the water from dewatering operations for dredging alternatives.  This 
availability is especially critical for Alternatives 6A, 6B, 7A and 7B which have very large 
amounts of sediments removed and dredge water treated.  Alternatives 2A, 2B and 3A do not 
require these treatment, storage or disposal services. 

Availability of Necessary Equipment and Specialists - Standard equipment, which should be 
generally obtainable, and standard procedures would be used for the majority of the technologies 
in each alternative.  However, there may be a considerable lead-time required to mobilize and set 
up the required equipment. 

Ability to Obtain Approvals/Coordinate with Various Agencies - All alternatives would require 
coordination with several agencies.  The dredging alternatives would require additional 
coordination with agencies that govern channelization and diversion of the river.  It is anticipated 
that this compliance would be achievable through proper design and use of appropriate BMPs 
during implementation.  Hauling of sediments on I-90 may require special permits from MDOT 
while siting and constructing a disposal repository would require approvals from various 
agencies unless the repository was located within or near an existing Clark Fork Basin Superfund 
Site.  Alternatives 2B and 3B through 7B would involve disturbance of the existing wetlands and 
floodplain, the potential for short-term degradation of surface water quality, and impacts to 
wildlife to varying degrees that would require interaction with appropriate agencies to determine 
the necessary mitigation methods.  Dam removal Alternatives 5, 7A and 7B would also require 
coordination with FERC and the dam owner and may require coordination with historic 
preservation agencies for mitigation of impacts on potential historic structures.  

6.7 Cost 

Total and PV costs were estimated for each alternative.  These costs include capital costs (both 
direct and indirect), annual O&M costs (over a maximum of 100-year period discounted to net 
PV), and periodic costs.  The estimated costs of each alternative are comparatively ranked in 
Table 6-1,  using a breakdown of: high achievement of cost criterion if PV costs are less than 
$25 million; moderate to high achievement if PV costs are between $26 million and $60 million; 
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moderate achievement if PV costs are between $61 million and $100 million; low to moderate 
achievement if PV costs are between $101 million and $150 million; and low achievement if PV 
costs are over $150 million.  The cost for the No Action Alternative reflects the cost of long-term 
monitoring and dam upgrades/maintenance required by FERC.  

Based on these cost breakpoints, Alternatives 1 and 2A would rank high in achievement of the 
cost criterion, followed by Alternatives 2B and 3A (moderate to high), Alternative 3B 
(moderate), Alternatives 5, 6A, and 7A (low to moderate) and Alternatives 6B and 7B (low). 
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